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INTRODUCTION 


The detailed studies reported in this bulletin were carried out 
chiefly on the Ephraim Canyon watershed of the Manti National 
Forest in central Utah. (PI. I.) The results, however, in a very 
general way, cover the aspen in the entire central Rocky Mountain 
region, including Wyoming, Colorado, Utah, Nevada, southern 
Idaho, and a little of northern Arizona and New Mexico. More 
general observations made personally by the writer throughout 
Utah, southern Idaho, and western Wyoming, indicate that the re- 
sults obtained in central Utah are generally applicable throughout 
that entire region. The climatic, topographic, and ecological simi- 


Notr.—The writer wishes to acknowledge the valuable assistance rendered in this 
work by the parallel studies. on the subject of decay in aspen, conducted in the same 
region under the direction of Dr. HE. P. Meinecke. The unpublished manuscript report 
of this work was placed at the writer’s disposal. The discussion of the pathology of 
zepen, aunt to and including Table 7, page 14, is based on the report of Doctor 

einecke. 
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larity of Colorado, especially the “west slope,” indicates that the 
conditions there, as far as aspen is concerned, are virtually identical 
with those of the central Utah region. 


DISTRIBUTION 


Aspen (Populus tremuloides Michx.)* is the most widely distrib- 
uted broadleaf tree of North America. Its range extends from 
southern Labrador to Hudson Bay (southern shores) and north- 
westward to the Mackenzie River, near its mouth, and Alaska 
(Yukon River); southward to Pennsylvania (mountains), north- 
eastern Missouri, southern Nebraska, and throughout the western 
mountains to northern New Mexico and Arizona and central Cali- 
fornia, Lower California (San Pedro Martir Mountains), and 
Mexico (mountains of Chihuahua) (/4).? 

In the mountains of the western United States aspen is found 
widely distributed at middle elevations. It is of slight importance 
throughout the greater part of this area, however, becoming a promi- 
nent component of forests? only in Utah, Nevada, Colorado, and 
parts of northern New Mexico, and Arizona (fig. 1). 

In either region it is impossible in forest management to consider 
aspen independently of the associated conifers. In the East this 
competition makes aspen an especially ephemeral type, occupying, 
as a rule, recent burns. In the West aspen appears to be perma- 
nent over large areas owing to the lesser aggressiveness of the coni- 
fers; but even here there is always a successional tendency working 
in aspen stands, tending more or less successfully to transform them 
into conifer stands. 

Silvicultural practices can aid or hinder this natural process, 
and in every aspen forest under management the silvicultural treat- 
ment must be considered first of all from the standpoint of its effect 
upon the related conifers as well as upon the aspen. Accordingly, 
this bulletin, while dealing with aspen primarily, includes much 
parallel work on conifers associated with aspen, in order to be of 
value in the solution of this most fundamental problem of the man- 
agement of aspen areas. . 

The essential uniformity of aspen throughout its wide range is 
emphasized by comparing the results of these studies with earlier 
work on aspen in New England (75). It is found that while growth 
is more rapid in New England, deterioration and decay take place 


1 Other names in common local use are quaking asp (sometimes written quakeenasp), 
asp, quakers, and mountain asp. The scientific name P. tremuloides aurea (Daniels) 
has been proposed to apply to the western aspen, the chief distinguishing character 
being the striking golden color of the leaves in the fall. Tidestrom recognizes this 
variety as a distinct species, P. aurea (Tidestrom). P. cercidiphylla (Brit.) is a tree 
similar to common aspen, except as to leaf characters. It has been found only in 
Upper Hoback Basin, Wyo. 

27The italic numbers in parenthesis, occurring throughout the bulletin, refer to litera- 
ture cited in the bibliography on p. 46. 

®*The aspen type has been defined by the Forest Service (1913) as: “A stand con- 
taining 60 per cent or more of aspen, often nearly pure, but also with various conifers 
in mixture. Areas with a temporary type of aspen .... should be classified .... 
according to that stage of type development which will be used in management.” Prin- 
cipal associated trees include western yellow pine (Pinus ponderosa), Douglas fir 
(Pseudotsuga taxifolia), lodgepole pine (Pinus contorta), and Engelmann spruce (Picea 
engelmann), 


, 
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earlier, so that the maximum and average sizes are about the same 
in the two regions and the stands are very similar. 

Aspen is found throughout this region at its lowest altitudinal 
limit as a scrubby tree along creeks flowing through the chaparral 
or western yellow pine types. As altitude increases the aspen 
spreads out from the creek banks to moist pockets in the upper west- 
ern yellow pine and chaparral types and then to flats and moist slopes 
in the Douglas fir zone, while in the highest spruce-fir zone it usually 
occupies west and south slopes, although its quality is poor in such 
places. It may go even to timber line as a stunted shrub. The tree 
reaches its best development, however, near the lower limit of Engel- 
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Fic. 1.—Distribution of aspen SEEOUBHOUE Utah, Nevada, Colorado, and parts of northern 
New Mexico and Arizona. This map shows the relative areas and general location of 
_the different national forests of the central Rocky Mountain region, together with 
the percentage of each national forest area covered by the aspen type. Since areas 
smaller than 20 acres are disregarded in compiling type acreages, forests showing no 
ato pes may have considerable amounts widely scattered in small patches among 
other types 


mann spruce and, except where it enters into competition with lodge- 
pole pine, often covers large areas with stands of high quality. 

The areas covered with aspen and the amount of aspen cordwood 
found on the different national forests within the central Rocky 
Mountains and intermountain region are shown in Table 1. Growth 
is considered important in all forests which show average stands 
of more than 3 cords per acre. 
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TABLE 1.—Aspen areas and stand 


Stand Stand 
State and forest Area Stand per State and forest Area Stand | per 
acre acre 
it 
: 1,000 2 1,000 
Colorado: Acres cords Cords New Mexico Acres cords | Cords 
ATADANO = oe = 36, 000 50 1.4 CAarson=. seen eee 76,08! 2 a eee 
Battlement-_-_--_-__- 113, 400 395 3.5 Santa We: altos 551000 E042 23) 5 b Sees 
Cochetopa-.--_...--- 41, 700 40 1.0 — 
Colorade.! 2). = 4, 000 5 1.2 Total Ate Vese 151/000 |L- 27 AS 
Gunnison ____-_.___ 101, 890 164 1.6 SSS SS SSS 
Holy Cross* 210, 500 526 2.5 || Utah: 
Leadville______.__- 8, 000 35 Ashley =: Ste) Lass 35, 300 176 5 
Montezuma_--_-_-___- 162,693 | 1, 241 7.6 DIxIC 22 be eee Eee 15 see 
Ga San ee 21, 547 2.3 Bilimore. 22225 sis8 20, 917 120 5.7 
Rie Grande=——=—— 4 220,000 | 1, 258 5.7 Wishiake. 3225 22 s- 110, 485 585 5.3 
Rou Gis) ee Lees es 183, 885 735 4.0 Meant. =. 2222 eae 156 710 3. 2 
San Isabel___..._--- 54, 000 176 3.3 IROWELE.3 7 364 ee 59, 600 160 28 
San wane Sse 22 2 170, 000 680 4.0 Sevier-*. 22s 58, 180 oe L 
Uncompahgre__-___- 200,000 | 1,000 5.0 (Uinta. 8 oe 364, 778 | 1,800 49 
White River_____-_- 187, 000 655 3.5 Wasatch =... 524. 51, 896 180 3.5 
Totals foes 1, 714, 615 6, 979 4.1 Totals) 2232 228 920, 632 3, 926 4.3 
Idaho Wyoring: ; 
Cache 22 8ee ee 152, 000 456 3. 0 ‘Bridger. = #2" 222s 60, 000 90 Lib 
GaribOUe ees = ese 181, 239 250 1.4 Hayden? 6: 5 248 i 20 5 
bye 00 ee ge 2 oe PAC el Men <n ope | pa Medicine Bow __--- 14, 573 19 ES 
Minidoka-2.-2- == 90, 538 181 2.0 Shoshone_-___------ 21, 170 63 3. 0 
Sawtoothh=2_ 25s 20, 500 20 1.0 Washakie_-____._-_- 10, 233 53 5. 2 
Parehee= foo. ca 101, Ca A earth IW ae BS Wyoming.__.-.___- 84, 599 89 pa 
RObAL sf. ese he 552, 676 907 1.6 cl ia) Fe | (ae 230, 575 334 1.4 
Nevada 
Humboldt... -=2= 181; 239 309 akg 
INevadas ele t a 12, 608 13 1.0 f 
Moiyapes =o ee 190, 418 190 1.0 
Total 2 res 384, 265 512 
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1 About one-half of the Cache National Forest lies in Utah. 


From the table and map it will be seen that there is, within the 
region where aspen is important on account of the large areas which 
it occupies, a restricted area in western Colorado and central Utah 
where aspen is of especial importance. Here the trees very fre- 
quently grow to large sizes and accordingly have a greater commer- 
cial value. To the north and east of this area of maximum impor- 
tance, aspen comes into competition with lodgepole pine, which 
invades much the same class of sites that aspen finds most suitable. 
Largely for this reason the stands of aspen are broken, mixed with 
lodgepole pine, and generally are of inferior quality. 

To the south and west of the region of maximum development, the 
aspen, which is by nature a northern species, meets with climatic 
conditions that appear to be less favorable to it. 

Within the whole region where aspen is of secondary importance 
the ephemeral nature of the type is rarely questioned and its limita- 
tion to burns or other open areas where the original coniferous tim- 
ber has been destroyed is readily apparent in most cases. But with- 
in the central region, where aspen is of greatest importance and 
value, it presents many characteristics of a permanent climax forest 
type. While this permanence is probably more a matter of super- 
ficial appearance than actuality in most cases, it is necessary in much 
of this region, as far as forest management is concerned, to treat 
aspen as a permanent type because of the length of time ‘that will 
be required to effect a transformation into the ‘coniferous type. 
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THE TREE 


Aspen is a tree of extremely variable development in the Rocky 
Mountain region, ranging from little more than a shrub on sites at 
high altitudes and northern latitudes to trees that may attain a 
diameter of 38 inches at breast height, and a height of 90 feet in 
exceptional cases. (PI. II.) In general, the trees in the intermoun- 
tain region range from 8 to 14 inches diameter at breast height at 
maturity, with heights between 50 and 60 feet. 

The age of aspen varies greatly with site. Single trees as old as 
200 years, and whole stands as old as 150 years still existing in 
even-aged form, have been found on first-class sites. On other sites, 
in the thicket type, the trees may become decadent as young as 40 
years. Good aspen will usually live to an age of 120 years ‘with 
little external appearance of deterioration. Most of the large trees 
seen in the mountains of Utah are over 100 years old, but seldom 
over 1380 years. Very old trees are usually too much decayed to 
allow complete ring counts, and, in fact, trees over 14 inches in diam- 
eter, breast height, are usually more or less decayed. (See also 
“ Diseases and injury.’”) 

LEAVES 


As described by Sargent (73) aspen leaves are ovate or semior- 
bicular, abruptly narrowed at the apex into short, broad points, 
regularly serrate, with small, incurved, callous, glandular teeth, 
except at the broad slightly cordate truncate, or rarely wedge- 
shaped, base; thin and firm, dark green and lustrous above, pale, 
dull, yellow-green below, 114 to 2 inches long, and broad, with 
slender veins forked and united near the margins and reticulate 
veinlets; their petioles slender, compressed laterally, 114 to 3 inches 


long. 
FLOWERS AND SEED 


At high altitudes, aspen flowers before the snow is off the ground 
in May or even in June. In central Utah, at least, only a small per- 
centage of the trees bear flowers, large areas remaining without 
them year after year. The staminate and pistillate catkins are borne 
on separate trees; the staminate trees are much more frequently 
found than the pistillate, which are very rare indeed. As a result, 
practically no seed is produced, and as the seed develops in June 
during a period of low precipitation and high evaporation, it often 
dries before it is mature. The viability of the seed is low, and as 
the seed bed is dry and unfavorable at the time of dispersal, repro- 
duction by seed is unknown in this region. It may, of course, take 
place to a very limited degree at rare favorable intervals (2). 

According to Sargent, the flowers are formed in aments 114 to 214 
inches long, the pistillate being 4 inches long at maturity, their scales 
deeply divided into 3 to 5 linear acute lobes fringed with long soft 
eray hairs; disk oblique, the staminate entire, the pistillate shghtly 
crenate; stamens 6 to 12; ovary conical, with a short, thick stype and 
erect stigmas thickened and club-shaped below and divided into lin- 
ear diverging lobes. Fruit matures in May or June, oblong conical, 
hight green, thin walled, nearly one-fourth inch long, seeds obovate, 
hght brown, about one thirty-second inch long. 
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FORM 


Aspen is a full-boled tree, having excellent form on the best sites 
but deteriorating into a crooked shrub on poor sites. The form of 
the tree is not constant, but changes with height although not with 
diameter, becoming fuller boled as height increases, as indicated by 
the absolute breast-height form quotient (diameter inside bark at a 
point halfway between breast height and the top of the tree divided 
by diameter, breast height, inside bark). This is expressed as fol- 
lows: At a height of 40 feet the form quotient is 0.64; at 50 feet,- 
0.64; at 60 feet, 0.65; at 70 feet, 0.67; at 80 feet, 0.73. 

Mature aspen 12 to 14 inches in diameter at breast height and 50 
feet high has a fuller bole than any of the conifers associated with it 
except white fir, as indicated by its form quotient of 0.64 for 50-foot 
aspen. The quotient for Englemann spruce, alpine fir, and Douglas 
fir is 0.62; that for white fir is 0.65. In amount of clear-length as- 
pen is extremely variable, although as a rule in fully stocked stands 
the crown is limited to a mere wisp of branches in the top, with dry 
branches extending down perhaps 10 feet. The twigs die early and 
soon break off in good dense stands; in poor sites they are more per- 
sistent, grow larger, and occupy more of the bole of the tree, giving 
it a dark, dirty, unkempt appearance, in striking contrast to the 
smooth trunks of thrifty trees. Typical conditions of this sort on 
sites 1, 3, and 5 are shown in Plates III and IV.* 

Pronounced stump swelling is shown in aspen at an early age, 
amounting to as much as an inch at the base of trees of 8-inch diam- 
eter breast high. By the time the breast-high diameter is 16 inches 
the swell at stump height is nearly 2 inches. It begins to affect 
diameter-breast-high measurement directly when the latter reaches 
10 inches, at 16 inches contributing as much as half an inch to this 
diameter. 

The relation of diameter to total height varies with sites—the 
poorer the site the shorter the trees of a given diameter (Table 2). 


TABLE 2.—Average height of aspen of different diameters, on sites 1 to 4 


Total height Total height 
Diameter breast Diameter breast 
height - height 
Site 1 | Site2 | Site3 | Site 4 Site 1 | Site2 | Site3 | Site4 
BCBS Ga ea ee Se hee 
Feet Feet Feet Feet Feet | Feet Feet Feet 
4 inches_.-._..--- 4 5 30 |} 14 inches___-____- 7 VII POLES: 
S inches #1 | 222s 46 41 36 34 |S inches 22-- 79 72 Gr} a eee: 
Ganchess= se ce 51 46 41 37 |] 16inches____--___ 80 73 62}. 2234 
7 inches! ?. 12225 57 51 45 39 || 17inches_-_______- 81 741204 --6 2 laecte te 
Simachesa: 2-25. 62 56 46 41 || 18inches________- 81 18 | Je eee 
9 inches_____-___- 66 59 51 43 || 19imches________- 82 Ta | ii eae 
10 inches___.____- 7 63 54 45 || 20inches_.___2__- 82 0D | 2S eee 
tinehese: se. 73 66 57 46 || 21 inches________- 83 4: Paes BO i ey 
Winches? 5 1 68 58 48 || 22 inches____.__-- 83 yee eS meoremel bee  o 
1s;inches:=.>__ 2. 76 70 SOs eee 
DARK 


The bark is one of the striking characteristics of the aspen tree, 
it being smooth, thin, and white or yellowish, except on larger trees, 
where it becomes dark and furrowed toward the base. This change 
is brought about sometimes on relatively small trees by sheep nib- 


- 


See Table 6, p. 13, for criterion of sites, 
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bling the lower bark. The thickness varies regularly with diameter, 
except near the base of the tree, where the bark is always relatively 
thicker than it is higher up, and increases in thickness more rapidly 
especially when the trees are 12 inches in diameter or over and fur- 
rowing and development of a dark, ridged bark begins to take place. 

Bark, usually whitest at low elevations, frequently appears yellow 
or brownish in exposed sites at high altitudes. The color differences 
are not entirely matters of site and exposure, however, as in some 
places distinctly white-barked and yellow-barked races of aspen are 
found adjoining one another with a clear line of demarcation be- 
tween them. This line can frequently be traced for long distances, 
particularly in the spring, since the yellow-barked race puts out 
leaves earlier than does the white. Leaves on yellow-barked trees 
may be about the size and shape of spade pipes on playing cards 
when the buds on the white-barked trees first show green. The 
white-barked trees usually appear straighter and taller than the yel- 
low ones on the same site (3). 


ROOT SYSTEM 


The root system of aspen is of particular interest, on account of 
the dependence of the species upon root suckers for reproduction. 

The typical root system of aspen consists of numerous shallow roots 
radiating from the base of the stump, one or two of which, particu- 
larly in small trees, are distinctly larger than the rest and are the 
original roots upon which the tree formed as a sucker. The root- 
spread as a rule is downward and outward to a depth not greater 
than 2 feet, and from this.lowest point the roots pursue an undulat- 
ing course, rising to the surface of the ground and sinking again by 
turns. The ultimate feeding roots are found in all levels down to 2 
or 3 feet, although most frequently from 6 inches to 2 feet. 

Sprouts appear where the roots rise close to the surface, especially 
where two very shallow roots cross and the upper is brought very 
near the top of the soil. Certain small roots appear to be devoted 
primarly to reproduction, since they run for long distances in the 
shallower soil layers without much change in diameter or furcation, 
and with practically no feeding rootlets. When a sprout grows on 
such a root, a rapid thickening takes place near the point of at- 
tachment of the sucker and many feeding rootlets develop, particu- 
larly on that part of the root away from the parent tree. These 
usually remain functional for a long distance from the living tree, 
but rot off when the parent tree dies. Sprouts frequently are found 
near aspen stumps, but generally these come from roots of distant 
trees brought near the surface in crossing the large stump roots. 
These reproductive roots have been found also in old decayed stumps 
of conifers which they have penetrated, working up close to the top 
surface and turning sharply back down through the stump into the 
soil again. At the top point where the root makes a loop, a sprout 
or group is sent out through the top of the stump. (Figs. 2 and 3.) 


CLIMATIC REQUIREMENTS 


Aspen is a tree capable of growing in a wide variety of sites in a 
cool climate, particularly one characterized by long winters and short 
growing seasons. It is a trans-continental species through Canada, 
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extending almost to the Arctic Ocean. In the Rocky Mountain 
region it is found in the altitudinal zones characterized by Douglas 
fir and Engelmann spruce. At its upper limit it usually fails to 
reach such extreme altitudes close to the climatic timber line as are 
occupied by limber pine (Pinus flexilis), bristle-cone pine, (P. 
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Fie. 2.—Aspen root systems excavated to the depth of 1 foot—Reference is made to dif- 
ferent areas on this figure by means of Nos. 1 to 10 along the left edge and the letters 
A to J along the top. The area referred to may be located by running horizontally 
from the number given and perpendicularly from the letter and noting where they 
cross. For example, the large stump near the bottom of the figure lies in F—10 and 
G-10. Roots from which trees in the old cut-over stand originated as sprouts are 
shown in A-9 and from 7-C to 9—-D. These roots are much larger than any others on 
these trees. Rootlets apparently devoted primarily to reproduction, being free from 
feeding rootlets, run from D—-10 to E~7 and from F-7 to H-9. When sprouts occur 
on such roots rapid thickening takes place and many feeding rootlets are sent out as 
in C—6, I-10, and B, C4, 5. On larger roots this does not happen, as in F~7 and 
I-9. Root collar suckers are not frequent, but appear at A-9 and D—-9 


aristata), white bark pine (P. albicaulis), or even alpine fir (Adzes 
lastocarpa). It is, however, found in favorable sites only a few 
hundred feet lower, and may reach very good development in the 
higher parts of the spruce-fir type. The absolute altitude reached 
naturally varies with latitude. In the San Francisco Mountains of 
Arizona aspen reaches an altitude of 9,500 feet, in Colorado as high 
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ASPEN ON SITE QUALITY I, 110 YEARS OLD, 80 FEET TALL 
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IT BREAKS INTO AN OAK BRUSH-SAGEBRUSH MIXTURE 


Fic. |.—ASPEN ON SITE QUALITY 3, AT THE LOWER LIMIT OF THE TYPE 
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as 12,000 feet (Engelmann spruce timber line), in central Utah to 
extreme ranges of 10,500 feet, while in Idaho (Targhee National 
Forest region) it is seldom found above 7,500 feet. At these extreme 
altitudes snow may lie on the ground from the latter part of Sep- 
tember until the middle of June, and drifts are known to last well into 
August, so that the extension of the aspen may be limited by large 
snowdrifts where the local topography favors their formation. On 
south slopes at high elevations aspen becomes brushy, bent and 


Ground Leve/ 


Ground Level 


Ground Leve/ 


Ground Leve/ 


Fic. 3.—Development of aspen root suckers. This shows how shallow suckering roots 
lie and how the suckers tend to develop closely around the highest point on the root 


twisted by heavy snows, or is confined at such elevations to moist 
areas only. 

The lower limits of the aspen type are found along streams far 
below the range of the extensive stands. In the western yellow pine 
type considerable areas of poorly developed aspen are common on 
north slopes and in moist swales, although the region may be devoid 
of permanent watercourses. Rarely, except in the Nevada region, 
do they enter the pifion-juniper type even along streams. In central 
Utah, where the western yellow pine type is lacking, aspen runs 
down to join the chaparral (oak and sagebrush types) at an eleva- 
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tion that varies widely with slope and exposure; also in the lodge- 
pole pine region aspen commonly extends through the tension zone 
at the lower limit of the lodgepole type, thence in sheltered locali- 
ties and along streams out into the sagebrush type for considerable 
distances. In Arizona, Utah, and Colorado, the lower limit is 
about 7,000 feet; in Idaho and Wyoming, 6,000 feet. 

The upper limit has a mean annual temperature around 35° F., 
about equivalent to southern Manitoba, and the lower limit 45° F., 
comparable with southern New England. However, the tempera- 
ture extremes are very much less in the Rocky Mountains than in 
the mid-continent. Winter minima are not frequently much below 
—10° F. for more than a few days at a time at the upper limits of 
aspen, While summer maxima rarely exceed 85° F. The upper limit 
seems to be marked by insufficient summer growing temperatures. 

Rainfall in the aspen type shows considerable variation. In the 
central Rocky Mountain region of extensive aspen stands, this cli- 
matic factor is of first importance in limiting the lower extension 
of the type. In other regions where aspen occurs more sporadically, 
it is so frequently found on sites which have exceptional soil mois- 
ture that rainfall is a secondary consideration in determining the 
extent of the species. On the other hand, aspen will grow on 
average sites in Utah where there are no water supplies except from 
rainfall and where the annual precipitation is as low as 17 inches, 
of which only a little more than 5 inches falls in the growing sea- 
son. In the spruce-fir type there may be as much as 30 inches per 
year. Where precipitation is low the stands reach poor develop- 
ment and become decadent at an early age, although even here they 
are decidedly superior to the thicket type of aspen, found at high 
elevations, which is little more than brush. Stands intermingling 
with sagebrush at low elevations are of site quality 3 and 4.5 


TABLE 3.—Mean temperatures in the aspen zone, in degrees Fahrenheit 


Station Jan. | Feb. | Mar.| Apr. | May | June | July | Aug. | Sept.| Oct. | Nov.| Dee. oe 
Colorado: 
Cheeseman_-___-_- 30.7 | 29.3 | 36.8 | 43.7] 50.9 | 60.9 | 65.5 | 68.6] 58.2] 47.8] 40.1] 29.7] 46.8 
Estes Park ----_-- 22.7 | 25.9 | 31.9 | 36.6} 44.4] 55.7] 62.1] 60.6] 52.4] 40.8] 33.2] 30.2] 41.4 
Fremont-______--- 25.7 | 23.7 | 29.5 | 33.7 | 42.9 | 52.9] 57.6] 56.0 | 49.9] 39.9] 33.6] 249} 392 
Lake Moraine___| 16.6} 19.2] 28.9] 38.4] 45.6] 55.1] 60.1 | 59.0 | 52.2] 41.6] 30.8]15.3] 386 
Silverton=2 = 16.3 | 17.7] 23.0] 31.6) 42.8 | 47.8 | 54:6) 52.8 45.7 136.81 27.4 | 1594) at 8 
Rellanides 225.2 20.8 | 22.9 | 27.8] 36.5 | 44.0] 53.1 | 57.8 | 55.9 | 50.6] 40.2] 310] 21.2) 385 
Wagon Wheel--__| 15.7 | 17.8} 25.0 | 33.6] 42.4 | 51.8 | 55.9 | 54.2 | 47.5 | 32.4 | 25.9] 15.3] 348 
Tdaho:nwin! 2 2-c 20.2 | 21.7 | 31.3 | 41.0} 49.5 | 56.8 | 64.3 | 62.3 | 53.3 | 48.0] 32.1] 19.9]| 41.3 
Utah: 
East Portal, 
Strawberry 
eRanndl2 see 11.4] 14.6] 21.9 | 31.5] 41.9 | 50.7 | 57.1 | 54.6 | 47.4] 29.4] 27.2] 15.1] 344 
Soldier Summit__} 17.7 | 21.8 | 28.4 | 39.5 | 46.6 | 53.5 | 60.5 | 60.8 | 51.1] 41.2] 29.0] 17.5] 39.0 
Winter Quarters_| 16.5 | 18.2] 25.3 | 35.7 | 43.4 | 51.3 | 58.2 | 56.7 | 47.9} 36.5 |) 268/155] 36.0 
Wyoming: 
Patton Near 6 deen eee 17.1] 18.9 | 27.5 | 38.2 | 46.9 | 55.7] 61.1] 59.9 | 52.7 | 42.0] 29.7] 17.4] 38.9 
ul ahd Uy Wahine ME 17.2 | 18.0] 24.7 | 37.0 | 45.3) 53.4 | 59.1 |] 57.6] 50.1] 41.1 |] 28.9]17.2} 37.5 


5 See Table 6, p. 13, for criterion of sites. 
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TABLE 4.—Rainfall in the aspen zone in inches 


Station Jan. 


Feb. | Mar.| Apr. | May | June | July | Aug. | Sept.} Oct. | Nov.| Dec. An- 


—_——| —————_| —————— | | | | | | | | | | 


Colorado: 
Cheeseman_-_-___- 0. 21 | 0. 64 
Estes Park_-____- 56 74 
HLOMONb ye 50 ee: 
Lake Moraine__-| .79]| .98 
pilverton.-. seis es ail 
helinride=— = 2 tele iso 
Wagon Wheel 
Gap. Ss gy ( 
Idaho: Irwin----_---- 1.35 | 1.00 
Utah: 
East Portal, 
Strawberry 
Tunnel. Ses. 2.47 | 2.25 
Huntsville______- 2.98 | 2. 53 


Soldier Summit__| 1.29 | 1.68 
West Portal, 


Strawberry 
TRENTO) ee 4.13 | 3. 59 
Winter Quarters_| 2.96 | 1.85 
Warion= 58:22 =2- 2.28 | 1.81 
Wyoming 
SATCON2 _ 2 t= a. 1.41 | 1.49 
Alia eee) eee 2.10} 1.40 


Phy 
A 
_ 


Neh 
cs 
—_ 


bony Sa 
~I 
us 


> 
ror) 
ele etait tae 


85 | 1.89 | 1.58 | 3.34 | 2.37 | 1.56 | 1.05 | 0.51 | 0.78 | 16.58 
30 | 2.84 | 1.19 | 3.28} 1.69] 1.74] 1.53] .96] .56] 18.59 
96 | 1.98 | 2.95 | 3.87 | 3.27] 1.45] 1.11] .42] .99] 21.46 
29 | 2.72 | 2.43 | 4.49] 3.58) 1.49] 1.72] .76 85 | 24. 88 
61 | .96 | 1.47 | 2.96 | 3.20 | 3.00 | 3.12] 1.33 | 2.15 | 27.72 
48 | 2.52 | 1.09 | 2.84 | 2.77 | 1.40 | 2.02] 1.48 86 | 23. 05 
55 | 1.04 | 1.26} 3.51 72. 10 | 1.63 |} 1.77 | 1.32) 1.28 | 19,22 
25 | 2.10 | 1.40 | 1.00] .92] 1.26} 1.52] 1.09} 1.18 | 15.31 
53 | 1.39 | 1.02 | 1.72} 1.20 | 1.92 | 2.45 | 1.37 | 1.59 | 21.37 
69 | 2.12 | .72 62 87 | 1.04 | 1.70 | 2.03 | 1.88 | 20.72 
68 86 | .26 64 79} 1.01] .64) 1.15] 1.51 | 12.21 
83 | 1.44 | 1.36 | 1.71 | 1.56 | 2.68 | 1.93 | 2.68 | 2.70 | 28.03 
69 | 1.40 | 1.29 | 1.90 | 2.05 | 1.67 | 1.67 | 1.35 | 1.39 | 20.63 
72 | 2.21 | 1.06 74 | 1.63 | 1.54 | 1.26} 1.61 | 1.75 | 20. 27 
39 | 2.43 | 1.43 | 1.05 | 1.08 | 1.41 | 1.40 76 | 1.28 | 16. 87 
70 | 2.66 | 2.19 | 1.42 | 1.02] 1.80] 1.90} 1.70} 1.50 | 20. 66 


TABLE 5.—Location of meteorological stations in the aspen type 


Station 


Colorado: 
Gheesemian 251225 22h ess 
Estes Park Fish Hatchery-_-_-- 
Fremont Experiment Station _ 


akesVioraines26 te 


Silvertone 2s. 2S oan eee 
ARTURG Ca UG (i ed nae ede Sa 
Wagon Wheel Gap 
Idaho: irwin 


Utah: 

Great Basin Experiment Sta- 
tion. 

Huntsville 


MERTON RSS oC E SADE Ee ae 2 


BASE AOR v al oer ee 


Afton 


Location 


Near lower limits of aspen type. 

Near the aspen type. 

Located in potential aspen type, small patches within short 
distance of station. 

In spruce-fir type where aspen of poor quality occupies 
burned-over areas. 

Near the aspen tyre. 

Located in aspen type. 

Located in aspen type. 

Nearly at the elevation of the lower edge of the aspen type; 
poor quality. 


Located in a clearing in the middle of the aspen type. Site 
quality 2. 

Aspen descends to elevations approximately equal to Hunts- 
ville on north slopes near town. It is of very poor develop- 
ment. 

Aspen extends down streams almost to the elevation of 
Marion, and is found on a north slope at Peoa a few miles 
north at about the same elevation; quality poor. 

In brush type. Aspen of poor quality extends down draws to 
elevations much lower than this station, and generally 
covers north slopes near by. 


In the aspen type. 


Virtually in the aspen type, of varying quality on different 
slopes and exposures, average is good. 


The aspen type descends to the leve! of the station and lower 
in nearby mountains. 
In the lower aspen type of about site quality 3 to 4. 


A number of cooperative observers’ stations of the United States 
Weather Bureau are located either in the aspen type or near its 
edge in Colorado, Idaho, and Utah. Meteorological records from 
several of the most typical stations as given above are shown in 
Tables 3 and 4, and indicate the type of climate in which aspen 
grows in the central Rocky Mountain region. 
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SOIL AND MOISTURE REQUIREMENTS 


Aspen grows in practically every variety of soil found in the 
climatic belt to which it is suited, from loamy sands in parts of the 
western yellow-pine type to heavy clays characteristic of parts of 
central Utah; but the development of stands varies considerably on 
different soils. The chief direct influencing factor is rockiness of 
the soil, which by hindering the lateral spread of the shallow roots 
and interfering with the tendency to rise close to the surface, re- 
stricts the reproductive ability of the tree and its development. Soil 
has also an indirect effect on the development of the aspen type 
through its influence on conifers, for any factors which assist the 
growth and regeneration of conifers tend to reduce aspen through 
suppression. Rocky areas, therefore, have both a direct and indi- 
rect effect, as they are favorable to conifers. The best aspen develop- 
ment is on rich, deep-soiled flats supplied with plentiful moisture. 
Heavy-soiled flats are most difficult for conifer reproduction. There 
is evidence to show that on such sites recurrent surface fires have 
spread with exceptional ease in the uninterrupted stretches of dry 
grasses and herbaceous débris accumulated under aspen shade, de- 
stroying rival growth; and for this indirect reason large flats or 
rolling country tend to bear the largest pure aspen stands at present. 
But even here, without the aid of fire, conifers would probably have 
replaced aspen as a type. 

Aspen is apparently a little less drought resistant than either Doug- 
las fir or white fir (Abies concolor), which are very slowly extending 
into altitudes below the aspen. Aspen demands more moisture than 
western yellow pine, and the conifers of the pinon-juniper type, but 
appears to be more resistant than Engelmann spruce and alpine fir in 
the spruce-fir type, although probably not more so than lmber pine, 
which is frequently found in this type. In the lodgepole pine region 
it. seems hardier in this respect than the pine, for it usually runs out 
into the sagebrush more actively. The advantage which aspen has 
in occupying drier sites is not, however, so much a matter of actual 
water requirements of the full-grown trees as of the difference in 
the method of reproduction. 

The critical period with conifers is during germination and the 
seedling stage of life, a period through which aspen does not have 
to pass. Even though it was originally established on a moist site 
which has become drier on the surface, and in spite of retrogressive 
successions due to fire, heavy grazing, or erosive agencies, if not to 
actual climatic changes, aspen can hold its own as long as moisture 
in the deeper soil layers does not fail. However, conifers once estab- 
lished would probably form types on every aspen site, not excepting 
those on south and west slopes at high altitudes into which conifers 
are at the present time coming only sparingly or not at all. In fact, 
conifers develop into large trees, nearly as large as on the best sites, 
in places where aspen is scarcely more than a shrub. 


QUALITY SITES 


Owing to the extreme variability in the development and growth 
of aspen under different soil and climatic conditions, it is neces- 
sary to consider every phase of silviculture and management in con- 
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nection with site quality. Therefore a classification of sites is 
oy before a presentation of data regarding the tree is under- 
taken. 

Height growth has been adopted as the criterion of site quality 
in this bulletin., Results shown under growth, yield, etc., are 
identical, however, whether height or annual volume increment is 
chosen as the criterion of site, as there is extremely close correla- 
tion between the two. 

Five site qualities have been recognized, based upon the height 
of the dominant trees in the stand and the age of the stand. The 
dominant rather than the average height was chosen as the basis be- 
cause otherwise a determination both of the age of the stand and of 
the average diameter would be required. Table 6 gives the age- 
height relations on each site. 


TABLE 6.—Criterion of site quality—Aspen 


Height of dominant trees Height of dominant trees 
Age =e ne SE [Eee Age ee eaceaaad as a Sea (EO ae 
Site 1 | Site2 | Site3 | Site4 Site 1 | Site2 | Site3 | Site 4 
Feet Feet Feet Feet Feet Feet Feet Feet 
HO years jt. $753. 61 |} SO:yearsi tf es 71 47 
WOiveaTs.2- =. 2... 25 19 15 TSt)i100syears’ = 2 81 74 63 49 
SO Years. 222222 37 29 23 192) \ 4d Oty ears 82 75 664i 
40 years__..__-__- 47 38 30 24 || 120 years__-__- 83. 74 F6ilea ee ee 
50 years__._-.-.-- 57 48 37 30 || 130 years________- bo (eae A | he pal eS 
BU VOATS ss 66 55 44 35 || 140 years___..___- BS, as sce ks |e ee apnea ee 
40 Years-==<===--- 73 62 50 40 || 150 years____-_-_-- 5 | Se rene pare! Lees 
Wears... ss. 77 67 55 44 


{ 


Trees less than 40 feet tall at maturity belong to the unmerchant- 
able-thicket type of aspen of site quality 5. 

In general, site quality 1 is found on moist flats having deep, 
perhaps rather heavy, soil. The trees reach good size, and are clean- 
boled and straight. (Pl. IIL.) 

Site quality 2 includes the great bulk of the stands of good quality 
in the central Utah region. In general, these sites are relatively 
not so well watered and are more likely to be on slopes, as com- 
pared with site quality 1. The trees reach saw-log size before de- 
cay renders them valueless. 

Site quality 3 includes situations similar to quality 2 as to topo- 
graphy, but usually at elevations below the best altitudinal zone for 
aspen. It also occupies steep slopes within the optimum zone. 
(Pl. IV, fig. 1.) 

Site quality 4 is found nearly everywhere at the lower limits of 
aspen, and also on south slopes at higher elevations. It usually 
bears a dense pole stand which rarely develops trees of saw-log 

size. 

Site quality 5 includes great areas of aspen on south and west 
slopes, on poor soils, and particularly at elevations above the zone 
of best development of the species. (Pl. IV, fig. 2.) 

These site classifications can not be directly translated into terms 
of site classifications for coniferous trees, as there is a great dif- 
ference in the habit of growth of conifers and aspen, and they do 
not respond to changes in their environment in the same ways. A 
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further discussion of aspen and conifer sites will be found under © 


“Sarield 
TOLERANCE 


Aspen is an exceedingly intolerant tree, being less able to stand 
shade than any of the coniferous species associated with it, with 
the possible exception of limber pine. Sprouting goes on with little 
success in most stands until they begin to open from old age. An 
analysis of light intensities (Table 7) shows that even where the light 
is as bright as half the normal full sunlight sprouting is unsuc- 
cessful compared to what it is in clearcut plots in full sunlight. 


TABLE 7.—Relation of intensity of light to number of sprouts per acre 


Light intensity ee sunlight | Number sprouts || Light ae eR et sunlight | Number sprouts 
1.00 1.00 


per acre per acre 
NAO sie ee re Sw eR OR 40: 0003)|'0:3:t0 0:45 52a ial See 2, 436 
OTS O10 Gt es aa en eee es 2, (SE 0.20 U.g se een ee ae SR ee 1 255 
0:4 $0082 2 oe te ees eee te 2, L7on| hessithan 0.2 22 sete eee Usually none. 


1 Measured with the Clements photometer. 


Taking a specific example for illustration, 1t was found that the 
intensity of light under a stand where sprouting has for years 
shown itself to be only partly successful was approximately one-fourth 
full sunlight. Sprouts from this plot compared with those from 
the open near by very strikingly show the difference in sprout de- 
velopment beneath a parent stand and in one where clear cutting has 
taken place. Although the sites are the same except for the degree 
of light, 3-year-old sprouts average only 8.7 inches tall under the 
old stand, whereas in the open they are 42.3 inches tall and very 
much more vigorous in appearance. Under very dense aspen stands 
the light intensities may be as low as 0.07 normal; but, even in such 
places, an intolerant species lke western yellow pine will remain 
alive, although growing very spindly, while Douglas fir, white fir, 
alpine fir, and Engelmann spruce will grow fairly readily. Aspen 
sprouts do not develop sufficiently to be generally apparent where 
light intensities are under 0.2 normal. Conifers can therefore readily 
suppress aspen, as intensities as low as 0.03 to 0.06 are found in 
average spvuce stands, and even in lodgepole pine 0.07 to 0.08 is 
normal (5) Pearson’s results in Arizona (10) indicate the following 
intensities of hght as favorable to good growth of conifers: Western 
yellow pine 0.41 to 0.57; white fir 0.027 to 0.068; Douglas fir 0.133 
to 0.192; Englemann spruce 0.033 to 0.060. 

Since the usual light intensity in aspen stands of moderate density 
is about 0.2, it is evident that they offer excellent opportunities for 
satisfactory regeneration of conifers. 


SUSCEPTIBILITY TO INJURIOUS FACTORS 


Aspen is a tree which is extremely susceptible to attacks of fungi 
and is also considerably injured by many other biotic and climatic 
agencies. Fungi (rots) and grazing damage, however, are practi- 
cally the only ones which have a great bearing on management. 
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FUNGI 


Fomes igniarius (heart rot) and F. applanatus (butt rot) are 
found attacking aspen throughout its entire range. The wood of 
aspen is not durable, and the pathological aspects of management, 
therefore, assume considerable importance. Studies made by 
Meinecke® on aspen in central Utah, on the better class of sites 
(1 and 2) show that trees as young as 35 years may become infected 
with decay. Up to an age of 80 to 90 years, however, decay is neg- 
ligible, and is generally connected with injury, usually fire scars. 
From 80 or 90 years of age and older decay becomes important, and 
beyond 100 years (“critical age’) decay causes serious loss. Above 
110 years (“age of decline”) thrifty trees are likely to be seriously 
decayed. The gross cull due to decay in standing timber of different 
ages on sites 1 and 2 in central Utah is shown in Table 8, from which 
it appears that the pathological rotation should be placed at about 
110 years. As is shown later this is as long as is needed silvicul- 
turally. 


TABLE 8.—Gross cull in aspen due to decay and other causes* 


Decay Other?|} Total Decay Other 2 Total 
oe cent (per cent (per cent (per cent wer cent (oes cent 
of mer- | of mer- of mer- of mer- | of mer- | of mer- 
Age class chant- chant- chant- Age class chant- chant- chant- 
able able able able able able 
velume) | volume) | volume) volume) | volume) | volume) 
30 to 40 years_______ 1.4 0.1 1.5 || 91 to 100 years_____- MES i ea 12.6 
POLO OU VOATS ee |e eee a ee oe rack RES 8 101 to 110 years__-__- 18.1 4 18.5 
51 to 60 years_______ 4.7 1.4 6. 1 |] 111 to 120 years_____ 26.5 1.0 27.5 
61 to 70 years_______ 5.9 8.3 14. 2 |] 121 to 130 years_____ 41.5 Bh 44.7 
71 to 80 years_______ 5. 6 a2, 5. 8 || 131 to 140 years_____ 10. 3 11.2 21.5 
81 to 90 years__-_--- 3.0 6.7 9.7 |} 141 to 168 years____- 22. 5 Te!) 24. 4 


1 Adapted from Table 1 in the report by Meinecke cited above. 
3 Includes canker, fire scars, frost cracks, and incidental wounds. 


On poorer sites decay starts in at a much earlier age and some- 
times may render a stand valueless before it attains an age of 40 
years. The effects of decay are not uniform, however, and certain 
regions where the site seems favorable and the trees grow to large 
sizes are nevertheless notorious for rotten trees. Undoubtedly much 
of this apparent difference in amount of decay in different regions is 
due to the frequency of fires, as basal fire scars are the chief avenues 
of entrance of decay according to the studies made by Meinecke, 
which show 76 per cent of small fire scars infected, 88 per cent of 
medium-sized scars, and 108 per cent of large scars (more than one 
infection per scar). In two-storied stands, the overwood is usually 
badly decayed due to infections through basal fire scars, resulting 
from the fire which gave rise to the underwood. In average stands 
where it is possible, rotations should not be longer than 80 years, 
in order to minimize the loss by decay. 

In young trees an unusual number of persistent dead branches up 
and down the trunk indicates a decayed heartwood, while in older 
trees swelled butts and an unusually early production of dark, fur- 
rowed bark are unmistakable evidences of decay. Vigorous, sound 


® Meinecke, E. P. Pathology of Quaking Aspen in Relation to the Management of the 
Species in District 4. MS. report, 
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trees are characterized by a smooth, light-greenish bark all over the 
trunk, even the old branch scars. An unhealthy tree has a bumpy 
bark, and old branch scars are black and large. The larger these 
black scars are the more likely the tree is to be decayed. Fire scars 
(“ cat-faces”) are, of course, almost certain indicators of decay. 

Aspen canker is a disease the causal organism of which is unknown. 
It is found plentifully in localized areas through the region covered 
by this study. It does not appear to spread very easily, and the in- 
fected areas are usually small—an acre or less. In these areas, how- 
ever, practically every tree may be badly infected. Bad attacks of 
this disease make the wood unfit for any use but round timbers. In 
the absence of knowledge of the cause of the canker or the life 
history of the organism, no special treatment can be recommended. 
Canker-infected cutting areas should be clean-cut, whether merchant- 
able or not, and the débris burned, in order to eliminate this disease, 
if possible, from future stands. 

Another canker disease which is frequently fatal to trees in dry, 
exposed situations, and sometimes to larger thrifty specimens in 
favorable sites is caused by Cytospora chrysosperma. The disease 
is not common in Utah, and is more an enemy of the planted species 
of poplar in the valleys than of the wild aspen (8). Occasionally, 
however, it has occurred in other places within the range of aspen to 
such an extent that entire stands have been destroyed. 

A powdery mildew, Uncinula salicis, the mycelium of which forms 
white powdery areas on both sides of the leaves, is found throughout 
the range of aspen in the Rocky Mountain region. No great dam- 
age is done by this fungus except in dense stands of sprouts where 
the most serious injury has been: observed. 

In Colorado extensive damage has been caused in certain localities 
by a leaf fungus, Sclerotium bifrons, which defoliates the trees. 
The fungus is only slightly known and special remedial measures 
ean not be given now. 

The conifers associated with aspen are very much less disposed to 
diseases caused by fungi, and there is no difficulty in growing any 
of them to saw-log size in a sound condition. 


INSECTS 


Insects attack both the leaves and trunks of aspen to some ex- 
tent in the Rocky Mountains, but rarely do great damage. The 
most noticeable insect ravages are caused by defoliation by adult 
Curculionid beetles (Yhricolepis tnornata) and by the larva of 
some Chrysomelid beetles which are very plentiful in local regions in 
certain years and take practically every vestige of foliage from the 
trees. This is not usual, however, and since repetitions do not 
seem to occur at very frequent intervals in the same stand, the 
damage is limited to the reduction of the year’s growth. 

A cerambycid borer (Saperda calcarata) is very destructive 
to aspen in its northern Rocky Mountain range and in Colorado. 
The larva, which is nearly 2 inches long when fully grown, bores 
under the bark and through the wood, weakening the trees or caus- 
ing their death. Hofer describes in detail the aspen borer and also 
lists and describes briefly other minor insect enemies (6). 
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One of the cecidomyid group of gall insects also does considerable 
damage to aspen buds in April and May, stunting the trees but not 
killing them. 

One of the plant lice, Chattophorus sp., does some damage by 


killing back tender shoots; although the trees are not seriously 


hurt. 

In Montana a number of insects infesting broad-leafed trees in- 
clude aspen in their attacks, but they do not often damage the aspen 
severely. Among these are Lina scripta, a chrysomelid beetle simi- 
lar to the elm leaf beetle; Onychagrotes rileyana, a noctuid moth 
larva, which works in the green bark; larva of Huwvanessa antiopa and 
Aglais j-album; and the buprestid beetles Chrysobothris femorata 
and Agrilus anxius. These are doubtless found in regions south of 
Montana as well. | 

In Colorado severe local attacks by a tent caterpillar, Malacasoma 
fragilis, have been noted, but appearances give the impression that 
natural enemies usually hold this menace in check. 

The investigations of the Bureau of Entomology throughout the 
Rocky Mountain region have indicated that the aspen borer (Saperda 
calcarata) and Agrilus anxius are among the most important insects 
attacking the aspen. 

A common ambrosia beetle, 7rypodendron (Xyloterus) retusum, 
which has been noted especially on the Cache Forest in Utah, attacks 
the wood of weakened and dying aspen trees. 


MAMMALS 


Mammals are the chief living enemies of aspen. Sheep are by 
far the worst, followed by cattle, and wild rodents such as rabbits, 
mice, and gophers. 

Sheep grazing is very frequently destructive to aspen sprouts to 

such an extent that, if continued longer than a rotation of aspen, 
it means the extinction of the type in many localities. This phase 
of aspen management has been covered thoroughly by Sampson (/2), 
and his findings appear to apply to all the Rocky Mountain region. 
The most important result of these studies was the discovery that 
sheep grazing is especially destructive on clean-cut areas, and that 
if it is continued three consecutive years all aspen sprouts will be 
absolutely killed out. Sheep do not reach higher than about 42 
inches, however, and protection for a long enough period to allow 
a certain minimum number of the sprouts to pass this height is all 
that is necessary. This will vary with the rate of height growth 
and the number of sprouts per acre. 
_ Cattle grazing is less uniform and the damage depends more upon 
the intensity of grazing and the nature of the forage on the area. 
In some places damage is negligible and in others it is very severe. 
The degree of protection will necessarily vary with grazing condi- 
tions, and, where these are very bad, complete protection may be 
needed until the aspen sprouts are entirely safe from destruction by 
browsing, or until the sprouts are 55 to 60 inches tall. 

Sampson’s publication presents practically all data available along 
this line. Table 9 has been prepared to show the percentage of 
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sprouts in various height classes as an aid in determining the period 
of protection necessary to insure satisfactory regeneration in differ- 
ent sites, 2,500 sprouts per acre at the end of the third year being 
considered satisfactory density. ) 


TABLE 9.—Percentages of sprouts safe from destruction by sheep and cattle 
! grazing at the end of first to fifth years ; 


_| Percentage of total-sprouts in each height class at 
end of year specified : 


Height class 
First Second Third | Fourth Fifth 
1 to 40 inches, not safe from sheep or cattle__________ 100 79 50 33 20 
Over 40 inches, safe from sheep-_-_-_-__---__-_-___.---._- 0 21 50 67 80 
40 to 60 inches, safe from sheep, not from cattle__--__- 0 18 38 46 36 
Over 60 inches, safe from sheep and cattle__.__________ 0 3 12 21 44 


Gophers are sometimes responsible for the destruction of many 
sprouts and superficial roots, and on areas where they are extremely 
numerous regeneration may be decidedly unsatisfactory. Such sit- 
uations are not frequent, and are of slight practical importance. 

Mice, rabbits, and gophers sometimes indulge in wholesale girdling 
in sprout stands and cause entire destruction of trees over limited 
areas, much of this work being done in winter under the snow. 

On the whole, aspen suffers very much less from damage by ro- 
dents than do the conifers associated with it, although the conifers 
are much more resistant to other forms of animal damage. Sheep 
grazing, the worst enemy of aspen, can be readily controlled, but 
the rodent damage to conifers can not be generally limited at the 
present time. Most of the damage is done by snowshoe rabbits which 
eat off the conifer terminals repeatedly as long as the tree top re- 
mains below the level of the deepest snow of the winter, which is 
3 to 8 feet in most of the aspen zone. ‘Trees are rarely killed out- 
right by this damage; but height growth is greatly retarded, the 
trees developing into flat, spreading bushes, unable to reach a height 
of 60 inches (the top of the snow) for possibly as long as 30 years. 
Very frequently several laterals succeed in getting above the maxi- 
mum snow level simultaneously, forming a misshapen tree with sev- 
eral trunks. As a tree so attacked increases in diameter the injury 
becomes less visible, but when the butt logs from such trees are sawed 
the lumber at the lower end is of very poor quality, full of pin knots 
and large loose knots from old dead leader stubs. 

No species of conifer is immune from these attacks, although the 
degree of damage varies widely with location and species; and there 
is a certain degree of safety in numbers, conifers thinly scattered 
through the aspen being the most seriously attacked. Where groups 
of mature conifers are extending their borders into the surrounding 
aspen with multitudes of seedlings, the reproduction suffers much 
less. Of the important conifers, Douglas fir is usually eaten and 
damaged most severely, with white fir next. Alpine fir is badly 
attacked in the Wasatch National Forest, but practically not at all 
in the neighborhood of the Great Basin Experiment Station. Engel- 
mann spruce is not an active invader of aspen sites, and isolated 
seedlings are rare, so that its relative immunity may be due as much 
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to this fact as to any possible unpalatability. Blue spruce, which 
is eens and has stiffer, sharper leaves, is frequently 
eaten. The blue spruce grows much more scatteringly than Engel- 
mann spruce, and at a lower elevation, where coniferous food is 
scarcer. 

In regions where rabbit damage is severe, the reduction of height 
growth, as shown in Table 10, materially increases the necessary rota- 
tion of conifers and reduces the value of the product, thus handi- 
capping conifers in relation to aspen in forest management in many 


places (4). 
TABLE 10.—Effect of snowshoe rabbit injury on height growth of conifers 
Height 
Age Douglas fir White fir Alpine fir 


Normal } Injured | Normal | Injured | Normal | Injured 
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FIRE 


Although evidences of past fires in aspen are plentiful, and ex- 
tensive fires have run through the type within the memory of living 
men, they are extremely rare at the present time. The aspen leaf 
fall and débris is too scant to carry fire. Grazing has undoubtedly 
been chiefly responsible for reducing the fire hazard, as pockets in 
the aspen type inaccessible to livestock show rank undergrowth of 
tall, leafy grasses, such as Bromus, Agropyron, and Stipa, as well as 
herbs, which are usually very scarce in the portions of the type 
grazed with ordinary intensity. Other evidence points to the same 
conclusion, that fires stopped at about the same time that grazing 
became heavy in the mountains. 

In connection with Meinecke’s study of decay in aspen, it was 
found that in the stands in Ephraim Canyon, which are typical 
of central Utah, fire scars were plentiful. Owing to the difficulty 
of counting aspen rings with absolute accuracy, especially in partly 
decayed wood, it is improbable that fires occurred in every single 
year determined in this study. Nevertheless, the data indicate 
that there were fires in this locality in about 1770, 1800, 1816, 
1825, 1835, 1841, 1849, 1857, 1864 or 1865, and 1867 (this was a very 
large fire of incendiary origin, remembered by the older settlers). 
Following this, frequent fires until as late as 1875 are indicated by 
the fire scars. In 1884 another large fire occurred. The study re- 
vealed only 4 trees showing fire scars after that date (compared to 
43 in the period 1863 to 1873), 1 in each of the years 1889, 1894, 
1897, 1904. These results indicate that small, light fires occurred at 
intervals of 7 to 10 years in the same general region previous 
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to the settlement of the country. After the mountains were invaded 
by the logger and stockman, there was a period of frequent and large 
fires, after which fires became fewer and fewer, and now virtually 
none occur. 

A very light fire -will kill aspen, as the bark is thin and green, 
with no protecting corky layers; while basal scars, which lead to 
destructive heart rot, will be made on good-sized trees by the lightest 
of fires. In such surface fires, however, the temperatures in the 
ground never become very high and root suckering is not impaired. 
Conifers are, of course, more resistant to fire when past the sapling 
stage, but once destroyed they seed in slowly. A 50-year fire rota- 
tion would probably keep conifers entirely out of all the aspen 
type, except on north slopes or’in moist localities favorable to the 
rapid development of the coniferous trees, although aspen would 
flourish under such conditions. But under present conditions, fire 
is not a factor to be reckoned with in forest management in the 
aspen zone. 

CLIMATIC FACTORS 


Injurious climatic factors are not of sufficient importance either 
to aspen or the associated conifers to affect management. Wind- 
fall in aspen is usually clearly due to excessive butt or root rot 
and is seldom extensive over large areas, being usually confined to 
single large trees or groups of trees. In conifers associated with 
aspen, windfall is occasionally widespread; but nowhere~—is it of 
enough importance to cause any modification of management in 
favor of aspen. 

Frost frequently retards aspen seriously, particularly the tender 
sprouts. When late spring frosts occur, not only the leaves but 
also the twigs of the last year’s growth may be frozen, and the 
second crop from older dormant buds may not become well de- 
veloped until well into July. 

These frosts, or more properly freezes, may occasionally be so 
severe that entire full-grown trees are killed outright. This oc- 
curred in many parts of Utah and southern Idaho, especially within 
the Engelmann spruce zone, during the freeze of May 31, 1919. 
Temperatures probably fell as low as 12° to 15° F. at this elevation, 
at a time when the buds were just bursting. In the Douglas fir 
zone, where the minimum temperatures probably ran from 17° 
to 20° F., injury was rare (7). 

Karly fall frosts have no bad effect except killing back sprouts 
that have developed tardily, since growth ceases and hardening of 
the tissues normally begins during the last week in July at middle 
elevations (8,500 feet) in Utah. 


REPRODUCTION 


As there is practically no production of seed by aspen, at least 
not in Utah, this method of reproduction is of no importance in 
the management of aspen stands in that State. Suckering from the 
roots is the method by which regeneration takes place. (PI. V, fig. 
1.) It is almost inconceivable that this was always the case, as the 
aspen could hardly have spread by sprouts alone so widely or into 
so many small, isolated areas, even in times of more favorable climatic 
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conditions. Rocky outcrops, swamps, and alkali areas are effective 
barriers to root extension. It seems more probable that at the close 
of Pleistocene times aspen came in by seed, occupying an ecological 
place similar to that which it holds to-day in the forests of Canada, 
spreading throughout the conifer types. The same drying and 
warming of the climate which reduced Lake Bonneville to the pres- 
ent Salt Lake and nielted the glaciers also made aspen reproduction 
by seed more and more difficult, particularly as June is the driest 
month of the year. The temperatures, however, were not unfavor- 
able to the vegetative growth of the established trees. The progress 
of drying, furthermore, tended to hinder the reproduction of the 
conifers and to make them grow in open stands, thus helping to 
prevent the exclusion of aspen by suppression. 

The form of present-day stands, as well as the charcoal in the 
soil, proves that fires were prevalent in the aspen type during the 
last few hundred years at least. The impression is very strong also 
that the fire agency, coupled with the dryness of the climate, has 
for a very long time restricted the conifers, while it has tended to 
encourage the persistence of aspen stands. Nothing but the destruc- 
tion of all sprouts in three successive years, or suppression by the 
close growth of conifers, appears to be able to displace aspen from 
areas 1t now occupies. On the other hand, it is now unable to invade 
areas made favorable by fires or logging, from which it was once 
ows except through slow marginal extension by roots. (PI. 

V, fig. 2. 
~The andl of islands of aspen which are clearly more than 
holding their own in the surrounding areas of sagebrush or chaparral 
suggests very strongly that these are the last relits of an old timber 
type, wiped out by surface fires, in which the aspen existed only as 
a scattered tree here and there. The progressive drying of the 
climate also has played its part in the formation of aspen islands in 
other types, leaving them in places where subsoil moisture is plenti- 
ful but the surface practically as dry as that on surrounding sites. 
These islands are common in mountains of sedimentary origin, 
where long, horizontal patches of aspen on dry hillsides mark the 
presence of subterranean outcrops of water-bearing strata. 

At the present time, natural stands under undisturbed conditions 
appear to advance very slowly into adjacent openings. (Pl. VI, 
fig. 1.) This may be due largely to the destruction of the scattered 
sprouts by grazing. In such stands, fires not severe enough to kill 
the trees have the effect of immediately extending the type boun- 
daries, as the roots sprout vigorously to their fullest extent, making 
on the margin of the old stand a new belt of aspen type. As a 
rule, this is about 15 feet wide, although sometimes it may be as 
wide as 50 feet. This is a very slow advance, however, since the 
process can probably not be repeated with success more often than 
once in 20 years, and actually takes place very infrequently. 

Sprouting occurs in aspen stands continually and even in virgin 
stands, but owing to the intolerance of the sprouts and the small 
amount of growth energy they have as long as the parent trees re- 
main alive, they are weak and inconspicuous and rarely live longer 
than a few years. Such sprouts are rare in young stands, but in- 
crease from year to year; and as the parent stand breaks up they 
become very numerous, forming an understory, if light is sufficient. 
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A prominent even-aged understory may also occur where light 
ground fire has killed some of the parent trees, thus opening up 
the canopy, destroying practically all the advance reproduction, 
and stimulating a vigorous sprouting. (Pl. VI, fig. 2.) A typical 
case of this persistent unsuccessful sprouting in fully stocked 
stands was shown by a permanent sample plot in a practically 
virgin two-aged (110 and 45 years) stand of site quality 2 on the 
Manti National Forest. 

The first year of observation, 55 sprouts were noted, either of 
that or previous years. In the following year there were 2 new 
sprouts, only 33 of the former sprouts remaining. Next year the 
original 55 sprouts had been reduced to 18, although 6 new ones had 
appeared. Four years from the first observation of this sprout 
growth only 11 remained of the first lot, 1 of the second lot, 5 of 
the third, while the last two years of growth had produced addi- 
tional sprouts of which 18 still remained. ° 

Nisbet (9) states that in England the European aspen (Populus 
tremula), which is silvically equivalent to ours, will send up suck- 
ers from roots that remain alive in the soil long after the parent 
trees are cut out and the stumps have rotted away. From the many 
uneven-aged stands which exist in the Rocky Mountains, pointing 
to repeated regeneration without the agency of fire, it is evident that 
sprouting can remain sufficiently active to regenerate the stand with 
normal density, even at the maximum ages reached by aspen. In 
forest management on a coppice system, however, the vigor of 
sprouting at different ages frequently assumes considerable impor- 
tance. To determine the effect of age on sprouting, acre plots 
were located in 70-, 90-, and 110-year-old aspen stands. These 
showed conclusively that reproduction after cutting is vigorous at 
any rotation likely to be used in practical management, and suffi- 
cient to restock the area fully. 

From approximately 1,000 trees on each age plot, more than 110,- 
000 suckers were sent up by the 70-year growth, and more than 
100,000 by the middle group. The trees 110 years of age, under 
somewhat less favorable conditions, sent up more than 50,000 suck- 
ers. In the fifth year of regeneration, these plots averaged 28,500, 
36,000, and 13,000 shoots per acre, respectively. The 70-year plot 
showed the highest growth, attaining an average of 57.5 inches; the 
middle plot. averaged 41.9 inches; and the oldest, 46.4 inches. 

Root-sucker sprouts are the form most frequently found. An 
examination of 6,724 sprouts showed that 91 per cent were root 
suckers, 8 per cent. were from the root collar, and 1 per cent. from 
the stump. Although there is little difference in the vigor of these 
sprouts, suckers from small roots tend to be small and weak, and as 
a class, those from the large, firm roots of the root collar seem most 
vigorous. Sprouts on the stump, although usually vigorous in de- 
velopment, are frequently torn loose by the weight of heavy settling 
snow and killed. Occasionally the weight. of root. suckers will twist 
a small, shallow root which has no strong lateral anchoring roots so 
that sprouts become decumbent shrubs. This is particularly true on 
steep slopes, where the weight of snow is added to that of the sprouts. 

Second only to the question of the age at which stands should be 
cut to get good sprout regeneration, is the question of the season of 
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cutting, since it is well known that in coppice management summer 
cutting usually gives rise to sprouts which are killed back by frosts. 
Three plots were cut over at different seasons (spring, summer, and 
fall) to determine the effect in the case of aspen. The results 
showed that when the cutting takes place in the growing season 
aspen sprouting is delayed and is spread over two years. The most 
sprouts followed the spring cutting and the fewest the summer cut- 
ting, but. the present number is practically the same on all three areas, 
doubtless representing full stocking for the site, the average being 
16,500 sprouts per acre after seven years. (Table 11). 


TABLE 11.—Zffect of season of cutting aspen on sprout reproduction 


Number of sprouts per acre at end of— 


Cut 
Year cut; 1 year 2years | 3 years | 4 years | 5 years | 6 years | 7 years 
SDLin eee ae 27, 598 85, 456 40, 112 30, 084 24,416 | 122,000 19, 620 118, 000 
SUb bs eR TES) eee eae ee EO See 53, 628 44,472 30, 956 23,108 | 120, 000 16, 568 115, 000 
Hy Eade rete ee Samia Ss 34, 000 34, 880 23, 980 21, 800 19,600 | 118,000 16, 586 
Average height at end of— 
Cut 
Year cut| 1-year 2 years 3 years | 4 years 5 years | 6 years 7 years 
5 Inches Inches Inches | Inches | Inches Inches Inches | Inches 
‘SY 0).07 FIR St 4.0 125 31. 2 41.2 55. 160. 63. 9 167.0 
PSUO WEA Wau LEY pedicels SE Se Pp ot lepaean adma 16. 0 somo 46. 6 56. 4 162.0 64. 9 168.0 
1 DONTE Pea Bs gear ecg: (ee Ree ot 7.5 23. 1 39. 1 43.1 48. 8 153.5 56. 3 


1 Interpolated from curves. 


The slower height growth on the fall-cut plot is ascribed to its 
position, which exposes it to more frost damage than the other two. 
This factor was especially marked in reducing the growth in the 
seventh year. It is not believed that the season at which the parent 
trees are cut can affect height growth of the reproduction after the 
third year. Between the first and second year after cutting there was 
still some sprouting going on, although it failed to counterbalance 
the losses from death. On the spring-cut plot it amounted to 3,045 
sprouts per acre and on the summer-cut plot 8,410 per acre. It can 
not be determined for the fall-cut plot on account of incomplete 
figures from the examination the first fall after cutting. After the 
second year new sprouts practically ceased to come in. 


REPRODUCTION OF CONIFERS ASSOCIATED WITH ASPEN 


The advisability of changing aspen stands over to conifer stands 
depends, in a measure, upon the possibility of getting an adequate 
reproduction of the conifers in a reasonable length of time. Com- 
pared to aspen, which springs up in one year after cutting to many 
times the minimum requirements for satisfactory stocking, the best 
that conifers can do must appear slight. Since, however, conifer 
stands will be managed on-a selection system, and should contain con- 
siderable advance reproduction at the time of cutting, a slow, sus- 
tained regeneration may be satisfactory. A plot located in aspen ad- 


94 BULLETIN 1291, U. S. DEPARTMENT OF AGRICULTURE 


joining a white fir stand shows a total of 4,246 conifer seedlings per 
acre which have come in within the 50-year period following the last 
fire. All age classes are represented, showing a sustained invasion of 
conifers. Their apportionment is as follows: 

The 1-10 year class shows 1,716 trees per acre; the 11-20 year 
class, 1,360; the 21-30 year class, 796; the 31-40 year class, 176; and 
the 41-50 year class, 198 trees per acre. ; 

This shows an establishment of about 200 trees per decade which 
will go into the final stand, a rate of regeneration which is satis: 
factory for a white fir-Douglas fir site. In the Engelmann spruce- 
alpine fir type, reproduction proceeds at a much more rapid rate 
than this, but this is more necessary, as this type is much more dense 
and a larger number of stems per acre will be carried through the 
entire rotation. On the whole, it can not be said that the extremely 
rapid regeneration of aspen gives it any particular advantage ove 
conifers in forest management. 


THE STAND 


Aspen exists typically in even-aged stands (unusually over 40 
years of age) in the Utah region, indicating their origin from 
burns. Two-storied stands are also common, an even-aged overwood 
with either an even-aged underwood, found where light fires have 
run through aspen, or with an uneven-aged underwood, found when 
the overwood begins to break up naturally. With the elimination of 
fire this last form of stand is becoming increasingly prevalent. 
(Pl. VII, fig. 1.) All-aged stands are also found. Even when an 
even-aged stand goes to pieces naturally, tree by tree, the new growth 
tends toward the even-aged, for the period of decadence of the parent 
stand is usually of relatively few years and the reproduction will 
contain only an approximately equal number of age classes. This 
partially uneven-aged stand will mature much more unevenly than 
its parent did, however, and its successor will be still more uneven- 
aged until at last a fully all-aged stand is formed. 


ASSOCIATED SPECIES 


Aspen stands often give the appearance of permanence (climax 
type) on account of their purity over large areas, but there is little 
evidence that this is due to anything but fires in the past and slow 
seeding in of conifers at the present time. Nevertheless, as a man- 
agement type a great many areas must be considered permanent for 
a very long period of years. Douglas fir, white fir, and lodgepole 
pine are typical associates of aspen throughout the Rocky Mountain 
region. Alpine fir, Englemann spruce, and the conifers which 
seldom form stands, such as limber pine and bristle-cone pine (Pinus 
aristata), are less frequent associates. All parts of the type can 
logically be occupied by some of these species to the exclusion of 
aspen as a type, although total exclusion of all aspen trees is hardly 
Reiaye in the open coniferous stands of this dry region (Pl. VI, 

g. 2). 

Among the more common brushy associates are snowbrush (Sym- 

phoricarpos oreophilius), very common in the Utah region; myrtle 
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Fic. I.—THIS HILLSIDE SHOWS THE TYPICAL SHARP EDGES OF THE ASPEN 
TYPE DUE TO ITS !NABILITY TO SPREAD EXCEPT SLOWLY BY ROOT 
SUCKERS. WASATCH NATIONAL FOREST, UTAH 


F-152820 


FiG. 2.—ASPEN ON A RECENT BURN 


Note its absence from the right-hand part of the burn where the original stand was dense 
enough to crowd out the aspen entirely 
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F-32457 


Fic. 1.—OLD EVEN-AGED ASPEN STAND BREAKING UP, AND REPRODUCING 
WITHOUT THE AID OF FIRE, BEGINNING AN UNEVEN-AGED STAND 


F-6916°A 


Fic. 2.—ASPEN IN ASSOCIATION WITH ALPINE FIR AND ENGELMANN 
SPRUCE, WHICH ARE CROWDING THE ASPEN OUT EXCEPT ON THE EDGE 
OF THE OPENING 
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brush (Pachystima myrsinites) ; Oregon grape (Odostemon repens), 
particularly at lower altitudes; and buffalo berry (Lepargyrea cana- 
densis). Sagebrush (Artemisia spp.) and oak (Quercus gambelii) 
are unable to grow under aspen shade, but frequently fringe aspen 
stands. Maples (Acer glabrum and A. grandidentatum) are found 
occasionally, particularly in wet places, and chokecherry (Prunus 
melanocarpa) is common in the aspen zone both in the direct shade 
of aspen and in the open. Much the same is true of serviceberry 
(Amelancher alnifolia), but which goes to much lower elevations 
than aspen. Mountain ash (Sorbus sambucifolia) is common in 
many places at higher elevations in the spruce-fir type. Owing to 
the wide extent of the aspen type, a vast number of herbaceous 
species are characteristic associates of aspen in the different re- 


gions, but none can be selected which is characteristic of aspen areas - 


in general. As a class they are moisture-loving perennials and an- 
nuals, both herbs and grasses. ; 


GROWTH 


In all discussion of growth and development of aspen, the factor 
of site must constantly be kept in mind on account of the sensitive- 
ness of aspen to site factors. Height growth is most seriously af- 
fected; indeed, this has been made the measure of site differences. 
Diameter growth is slower on poor sites also, although it is not re- 
duced as fast as height growth; and accordingly on poor sites the 
height is less for a given diameter than on good sites where the trees 
are remarkably tall and slender. The average development of trees 
on a limited area of site quality 1 in central Utah, shown in Table 12, 


indicates the best that can be expected of aspen in the central Rocky 


Mountain region. 


TABLE 12.—Growth of aspen, Clear Creek, Utah 


Diameter Diameter 
Age - breast | Height 2 Age breast | Height ? 
height ! height ! 
Inches Feet Inches Feet 
TORY CALS aioe ae eer 1.8 12.5 OO Wears: £==s222~-25-5-2b 2284 9 66. 0 
MOGALSS saae ere oe es od 3. 0 21 1OOV CARS =< —- ste sen ad 10. 6 68. 5 
SAVG EASES Bee os dass ek oe ae 4,2 30) OniPllOsyears:---22--225252 2.222222 11. 4 71.5 
BUY ORS] eee ae ee A 5. 0 3s OF eeOryearse2 22ers 12.0 73.5 
ZLRYGIN SET ee 2 a 6. 0 AS. Std sOyearss=- 222 222 a eee 12.6 74.5 
BUY CAlSSs oe Se Ss 7.0 S2e Oars Oyears=-- 5 ee See eee 13. 2 75.0 
S,MGATS sae ens ee ae aes 7.9 His O4l pL SOA CRES=ae=o225 22S cece ee ae 13.8 75.5 
UN CALS sas is SRE oe x 8.8 64. 0 
1 Basis, 261 trees. 2 Basis, 124 trees. 


HEIGHT GROWTH 


Height growth is extremely rapid during the first few years, pro- 
vided the sprouts have full hght. The rapidity of this growth is 
especially marked when compared with the slowness of conifers 
associated with aspen. The average height growth of aspen sprouts 
from four clear-cut areas is fairly representative of sprout growth on 
sites 1, 2, and 3, early growth being much less dependent on site 
than is more mature development (Table 13). 
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TABLE 13.—Height growth of sprouts 


Age Height = Age Height 
Inches 
i year. 28+ 20 8 SN a A a ee ee eee 155.9 
2 yeats.. 25-4 AS Nt ie || Cars ee ee eee ae 160.0 
SiVears. _ sss sss SL ee ed ect eC AAA SOOES =. ee ee ee eee 162.7 
AV CARES me = oe See Sa oe nee ee oe Se 


1 Estimated on basis of one plot only. Slow growth the seventh year is due chiefly to serious frost 
damage which even killed back sixth years’ growth in some cases. 


After the first rapid growth is over, however, the height growth of 
aspen slackens materially, while the conifers of equal age are in full 
vigor. The results of the differences in rate of height growth be- 
tween aspen and the associated conifers is shown in Table 14. 

It will be noted that alpine fir is able to equal the height of aspen 
on site quality 2 in 150 years; and that in time all the conifers ap- 
proximate or exceed the maximum height of aspen, although, owing 
to its rapid juvenile growth, they are not able to overtake the aspen 
before it dies. On site quality 1 even alpine fir is probably unable 
to catch up with aspen before the aspen dies, although its final 
height is greater. On sites poorer than quality 2 the conifers un- 
doubtedly fare relatively better, although data are lacking for a 
close comparison of aspen and conifer development. 


TABLE 14.—Height growth of aspen compared with that of conifers 


Height 
Age | 
Aspen, Douglas White Alpine nee: 
Site 21 fir fir? fir spruce’ 
— —| a ee | rn ( 
Feet Feet Feet Feet Feet 

WO CATS = She. 222... ss See eae 2 ot ee 10 0.6 0.6 Pt) |S Stee ere 
DOV Oars se SEA) 5S. eee 2 ee eee ae 16 2 2 2 4 
SU GAT eee ee SES oe ee. ee ee 24 5 4 4 5 
AN V GATS tener le aot nee, ee ae ee ree 31 10 7 9 6 
DUMCHIS “cae. - = Sa 5 ee ee 8 Oe eee 37 16 12 17 7 
DUVERES eee cee eae. ee a 2. Se eee 43 24 22 28 9 
LOB CRTS B35 Wn FS A ee 3 TE ee eee 48 30 28 37 12 
BOveaTs: 2% 0° ie oe Se = i eee 53 35 33 43 16 
ORVEarSE UNS See oy ee bh a ee ee 57 39 37 48 22 
NOU pvears #462 ¢ eS ahs he ne ee eee ae 60 43 41 53 29 
DRY Gars.© fe ey ot SB a a ee 62 46 44 57 36 
TOO Cans 28 whe 2 ee ae ee pare 64 49 47 60 43 
Ney Cars eee er ee ee Ee ee ee 65 52 50 63 50 
RAN years. Pes 2 lie ei Se Ba yey ge ee 67 55 53 66 55 
TSO Oars ee. ee Ae eee eg Pe see 2) 2 eee 68 57 55 68 60 
160 Years fe at tS Ds 2 SS a eee 59 57 70 63 
TOW CATS oe cr eete oe ee SS See eee eee ee 61 59 71 66 
180 years-42- 5. Sr cea Re Roe fo eee ee ae ee 63 61 72 69 
TOOT Cars 2 so oe 2 5 ek ae at ee 65 63 73 72 
POO Wears 28 8 29. es ee ee ee eee 67 65 74 75 


1Results from plots of site quality 2, measured for yield. 

2 Results from conversion of diameter growth (Table 14) into terms of height growth, 
by diameter-height tables. 

aon Forest Service Circular 170, ‘“‘ Engelmann spruce in the Rocky Mountains,” 
p. ‘10: 


DIAMETER GROWTH 


The advantage possessed by aspen in the matter of height growth 
is much less pronounced when it comes to diameter growth, since 


DR 
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aspen grows very slowly toward maturity. Conifers, on the other 


hand, maintain a rapid diameter growth to old age and put on 


their widest rings at diameters of 12 to 15 inches, at which time 
aspen stagnates and decays. 

Diameter growth for conifers as presented in Table 15 is in 
virgin stands of moderate density and probably represents a lower 
figure than would be obtained under forest management. ‘This is 
of course true for aspen, though in a lesser degree. 


' TABLE 15.—Diameter growth of aspen and associated conifers 


| Diameter breast high 


Age 


Aspen, Douglas White Alpine Baul 
i 1 2 2 
Site 2 fir fir fir spruce 3 
Inches | Inches Inches Inches Inches 
LUN ga A 2, ey 5 ee ee 0-8 -|-~<--<-2-2 | an nee a= | eee nee Pe 
2 Te Ria en cpp co ane pete pee ae ee ee ean 1.4 | rine re oer | on af ee 
BU VOATS 22-2 Bt ee 6 fh apy ee a 2.4 O. 2.) etn eee 8 ee eee 
LE) EES RS Sa ln a te a ey ae 3.3 1 11 17 0.8 
SUAS EU RS SHB Ba lien a Se gp eri rae Coa ene eg EY 4.3 Aad a2 Rae 1.6 
GROANS = ecpehe Oey pe era eee ee et RR Dar a 4.5 4.5 2-5 
TTL SYED RLS De ea ere Se eee Sa ee ye eee eee 6. 4 7.0 5.9 6.0 3.4 
3 DAG Be atlas ORL ¢ 0b ere eeeres 2 9 7.4 8.5 7123: gtd 4.3 
CREE See rete, eee Re Sa per et A eee Oe See 8.4 9.7 8.7 9.3 5. 2 
MOR Vearse es 60 on: 228 ty ee eee 25 ee Py 9.3 10.8 9.7 10.5 6. 2 
EO GORES = 2 Pe atre seo eet ete ee OS ar oe ee 9.9 1d 10.8 11.8 7.0 
iby Apri pe et ge ho A cad Be OG SB 5 8 BR) TG Bees ba) ORs eee ee 10.3 12.6 11.8 13. 0 a9 
USOT Se aes rats RI ee eR RR ee sp ay Sn 10.8 13. 4 12.8 14.0 SP EKO AT 
wel ADEE Reet des os ale aie ead Oh Be Ae Ade SRE Pes 14.3 13.7 14.9 9.4 
POIVCATS EHS PES ae eur rs ay par: SAF beri 22h 22 11.8 15. 0 14.6 1592 10.1 
LODE STEYR Se os eee RDI 2 rg Pee poe Set amen at 15.7 150 16. 5 10.8 
MUDEY CATS 21) SG pee SAU EP TI) ee Seas eee ta 16. 4 16.3 by eal 11.5 
LS DATO cies aE oe Se Dee YT ions » ey eis ae S| ae See ae iv ea! ly | 17.6 122 
PR VCALS een ee BEARD LAE ELLA EH WANA DAES DIAS Mk ot Sd 3 VG 17.9 18.1 12.9 
DOV CATS = 2) o. Pewee 88 eed AR a ag ee wale Pe fe ek 18.3 18. 7 18.5 ISS7 
FALL, SET RR tates eee a a ah ee oie fom ae Daniel Sar peace era ppeneren tenet 19040 [ions ee eee 
27-1 RUGHY RPSL ERE Slee @ m lie & ee og C ER Sees ee a See Ry Pee? Os ek ee ae 20: 1 | eee seit sere ee ree 
ALP SHED eee Ee Se ee eid ee eee eh S| eae oe eee | One eee 20. 8 [2-2 eee ee 
PAW YEAS? 2 20) PSR Pek Pee PL RPE PEERS SILAS DST ON! Bee PA Lae. oh AS lee SOE OS Be PS 
265 US ETL Sts bo be ee es ee eS. eS (ee eee ee oe 7-4 | AR Sees oF 37) era & 


1 Heights (Table 13) converted into terms of diameters by use of diameter-height relation table (Table 
7). Does not agree with column 4 Table 16 because that table shows average diameter of entire stands 
(over 4 inches diameter breast height), while this shows individual trees. : 

a Lan stump ring counts made on Manti National Forest. Basis: 51 Douglas firs, 62 white firs, 24 
pine firs. 

3 From Forest Service Circular 170, ‘‘ Engelmann Spruce in the Rocky Mountains.” 


VOLUME GROWTH 


Volume growth for individual trees is, of course, a product of the 
height and diameter growth. As diameter measurements include 
the bark, they tend to give conifers a certain fictitious advantage 
over aspen in diameter growth, and the development of solid wood 
in conifers is correspondingly slower than would appear from the 
diameter-growth table. The form of aspen is somewhat fuller- 
boled than conifers, which gives it another small advantage. For 
the quick production of large volumes of small wood in a short time, 
conifers can not compete with aspen on first-class sites (Table 16). 


mi 
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TABLE 16.—Volume growth of aspen and associated conifers, inside of bark 
Cubic feet (entire tree) 


Aspen | Douglas| White | Alpine nee 
site 21 fir fir fir ae 


70 years 
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1 Prepared from Tables 14 and 15 with volume tables shown in Appendix. 


YIELD 


The yield per acre depends on the volume of the individual trees 
making up the stand and the number of trees per acre. In making 
a comparison between conifers and aspen, it 1s much easier to com- 
pare volumes of trees than numbers per acre, since aspen develops 
typically as an even-aged stand while conifers are more often uneven- 
aged. In the intermountain region, where coniferous stands are 
open and reproduction is not plentiful, these stands are more likely 
to be understocked than are the aspen areas. The Douglas-fir type, 
furthermore, has been heavily culled over and virgin stands are 
rare. The potentialities of this type under management are almost 
impossible to determine. 

The yield of aspen on sites 1 to 4 1s shown in Table 17, and the 
mean annual increment per acre of aspen in different classes of 
products in Table 18. 


TABLE 17.—Empirical yield table for even-aged aspen stands 


SITE 1 
Entire Nei 
Stand Main stand ! 
Age Average Volume per acre ? 
Trees Trees diameter” Basal f= —_|___ a: ps os oe 
per acre | per acre |_ breast area Total 3 Cord- Mine Saw 
high wood 4 | props | timber ® 
Square Cubic Cubic Linear Board 
Inches feet feet feet feet feet 
JOvVears- 22) 3s 5341 ds 1, 600 TADSESECR ee he 76 300 JECL QE Pitas. PERE eye: 
AQ OSES hed Pe os 1, 300 1, 000 4.5 124 1, 350 850 |. et eee 
14 Gai: icine a oes a 960 750 Tp 136 2, 250 1, 550 3, 400 600 
60 yearsé-5igte § 750 610 6.1 144 3, 000 2, 200 6, 200 2, 600 


1 Trees more than 4 inches in diameter breast high. 

2 Gross volume without cull factor of any kind. 

3 Includes total volume of all trees more than 4 inches in diameter breast high. a 

4 Includes total volume of all trees 6 inches diameter breast high and over, to a top-diameter limit of 5 
inches. 

5 Includes all trees 7 inches to 11 inches in diameter at breast height. Merchantable length taken to 5 
inches inside bark in tops. ‘ 

6 Includes all trees 10 inches and over diameter at breast height. Merchantable length taken to a 9-inch 
diameter limit in tops. 
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TasLe 17.—EHmpirical yield table for even-aged aspen stands—Continued 
SITE 1—Continued 


ee Main stand 
A Volum 
ge ATaraGa olume per acre 
Trees Trees eerie Basal 
per acre | per acre reast area Cord- Mine Saw 
high Total wood props | timber 
Square Cubic Cubic Linear Board 
Inches feet feet feet feet feet 
MOV CaYS tes seer fe 610 520 7.0 148 3, 550 2, 750 8, 700 4, 800 
BOLVears. 220225 1 500 450 7.8 -154 4, 050 3, 250 10, 700 6, 800 
OOrvearss2 22S ste i 410 380 8.7 161 4, 500 3, 600 10, 700 9, 000 
WOOSy ears =. 222 4b £ 340 360 9.5 166 4, 850 4, 000 9, 000 11, 000 
MO Wears. 22 se 290 290 10. 4 172 5, 100 4, 300 6, 000 13, 200 
120 Years. 2.22 sR 250 250 11.2 177 5, 350 4, 600 4, 200 15, 400 
#30 years. 22.1 43 220 220 12.1 181 5, 600 4, 900 2, 800 17, 400 
WO Years... 9 of I 200 200 13. 0 184 5, 950 5, 150 1, 800 19, 600 
GU ATS pS Nee SE ae 190 180 13.8 186 6, 100 5, 400 1, 000 21, 600 
SITE 2 
BORYVCRTS ho ea bh 5, 600 22 th ee Se N4a| 2 =o len eel eee 2 oe ee 
40 years 2-2-2222. 20.0! 3, 400 650 4.0 78 ISU ee es | eo 
DOLVGATS a. 1, 200 900 4.8 114 1, 350 ‘aD alin ease Soe Fe a 
pO vears. 2 8 te 940 710 5.4 124 2, 100 1, 300 3, 500 600 
MOsyears oo. 5) eee 730 580 6.1 132 2, 750 1, 750 6, 500 2, 000 - 
GOlyears)::._....3 JES 580 490 6.8 140 3, 250 2, 200 8, 500 3, 400 
SOivears) = 2 460 400 @5 146 3, 650 2, 600 9, 500 4, 800 
HOO years. oe 380 330 8.2 152 4, 000 2, 300 8, 000 6, 200 
POvearse 22. Uw 320 270 8.9 158 4, 300 3, 200 4, 500 7, 600 
120 years _.-.-_4 0 270 210 9.6 162 4, 550 3, 400 2, 700 9, 000 
ISO: Vearsi.2_- 4-64 240 160 10. 2 166 4,750 3, 650 1, 500 10, 400 
HMO eans 22-2 Ge aes 5 210 110 10.9 170 4, 900 3, 850 600 11, 800 
SITE 3 
DORVCALS 2 ace aa oe oe 2, 500 700 4.1 72 500 200 ave tae. | alae 
GO years = 72. oath ae 1,120 800 4.7 104 1, 300 550 600) Sec e aes 
AO Vears ee ee me 850 650 ape 114 1, 950 950 4, 000 150 
BO ears sts 2 eet ek 670 520 5.8 122 2, 500 1, 250 6, 400 1, 000 
SOWears: =. -- 2 Se 530 410 6.5 128 2, 950 1, 600 7, 900 1, 600 
HOO ears 0. ae 440 320 hk: 134 3, 300 1, 850 5, 300 2, 200 
LO Viears. 22 one oe 360 240 cers 138 3, 600 2, 100 2, 400 2, 800 
2) Years 2 a 316 170 8.3 142 3, 850 2, 300 1, 200 3, 600 
130 Years. 2-222 ee 260 100 8.9 146 4, 050 2, 500 400 4, 200 
SITE 4 
BO MCATS === eee 1, 430 740 4.2 70 400 Ops SOs Lee Te ee 
ORVGATS 32k? ee i 1, 030 700 4.8 92 1, 000 400 13800 [23> eee 
SO WCRIS= = et ee 800 550 Ba 104 1, 600 750 4, 000 200 
AVeCSES oes Se 620 430 5.8 110 2, 050 1, 050 3, 500 300 
ADO syears so >= tee 500 320 6.3 116 2, 400 1, 300 j, 800 400 
EO Wears? 2: Sa" eee 2 410 220 6.9 120 2, 700 1, 550 700 600 
EZ CANS ee fcc as 340 140 7.4 124 2, 950 1, 700 100 800 


ee eee 


ee 
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TABLE 18.—Mean annual increment per acre of aspen in different classes of 


products 
SITE 1 
ee Total Cord- Mine Saw 
g volume | wood props | timber 
Cubic Cubic Linear Board 
feet} feet} feet} feet} 
DO'YeCalse ese 2 ha eee ss Pee LQ: OG | shee eo al ie Be 2 a i Be 
40 Years =. 26> Jenene ee 33. 7 Dei 2 4] es | Se 
HOV CAFS ets s 2 oe oe 45.0 31.0 68 12.0 
60 years2=22527Be eet seeks Pee 60.0 36. 6 103 43.3 
TOMWeaTS! he ee SPE. Se 50:7 39. 2 124 68. 5 
SO yearsc 22) = tous SO heey 50. 6 40. 6 134 85. 0 
SOuVears ee = 2 Mita DORE 2 50. 0 40. 0 119 100. 0 
LOO Wears #262 oh SEU es. ae Peed 48. 5 40. 0 90 110. 0 
LILO years: =o SRO as 2 et AL 46. 3 39. 0 55 120. 0 
120 V. CATS fo aa SR 44.5 38. 3 35 128. 3 
130 years<: <=) 22VNe Sst a 43.0 37.6 21 133. 8 
140 Vearse) ee be Ae ec 42.5 36. 7 13 140. 0 
150 Wears < 22 ase  S 40. 6 36. 0 ef 144. 0 
SITE 2 
AQ VeEaTS oes o5 Ne oe eee W205, Aaa ies aim eee OS (ee eee 
SOM CTS Hasse See BE 27.0 SMO! Yo. ee Ce ye 
6OsyeaRs: = 3.2 PA oe ae 35. 0 21.6 58 10. 0 
(Osvears 222 & 2) Boek Cee ees 39. 2 25. 0 93 28. 5 
SOiveanSseh esa ee 40. 6 P4515) 106 42.5 
S0'Vearss 224 — eats CORRS AS 40. 5 8 105 53. 3 
LOO Yearsec 6 he eae bE 40. 0 29.0 80 62. 0 
T1Osyears 2) ae ee eee 39. 0 29. 0 41 69. 0 
120 Years os. l Sees ee 37.9 28. 3 23 75.0 
130 VEarsee ss Se DOL aE 36. 5 28. 0 2 80. 0 
40 Oars Go: 28 eee hs 35. 0 27.5 4 82. 8 
SITE 3 
5O Wears? 2 esis oie ae ee 10.0 vA | a aes eae Se (ie. 2 aes 
GOsVeaTrs Set Ane Se eee 21.6 9.1 LO et St Sx 
20 Years: a 22 Se oe 27.8 1885 57 2 
SO! years.c 2b OE eS tobi ree Bike 15. 6 80 IPE Gs 
90 Years 42 Nort Malet ee os Ps Sond. WATE 88 ay fat 
TOO Wearsh: 8. aon oe 33. 0 18.5 53 22. 0 
WWOjvears:. 3.) tee Ee 32.7 19.0 22 25. 4 
120 tvearse et ee oS 32. 0 19.1 10 30. 0 
130syears’ 22. Oa eR oie: 19, 2 3 32. 3 
SITE 4 
60iyears= =) 2 Oe ae ees 6.6 OWS! | - SEF | ee Sees 
40 years 2st EY fo bee 14. 2 TAY | 22a ee EE 
SO years 25 2c ee ees 20. 0 9. 4 50 25 
90 yess ie ane 22.7 11.6 BO. |. dea 
LOO ryearse 2 Bolts Se a ao, 24. 0 13. 0 18 4.0 
J1ObVeaTrsl 2. OR ee ee 24. 5 14.0 6 5. 4 
5 14.1 1 6. 6 


| T20Ky.Cars Soc Se ee ee 24. 


1See footnote, Table 17, for sizes of materials included. The line across the table shows the probable 
pathological rotation. (Determined by Dr. E. P. Meinecke for site 2, and estimated for other sites.) 


Tables 17 and 18 show the whole life history of aspen stands on 
sites 1 to 4, and indicate the great variability of development on these 
four sites. These tables are the result of specific observations, and 
the curves were necessarily made independently of each other and 
upon a slender basis at times. A close inspection will show discrep- 
ancies, but these are unavoidable in tables built up in this manner. 


lia 
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Table 18 indicates that on good sites (1 and 2) the question of 
disease as affecting rotation can be dismissed, unless aspen saw tim- 
ber is to be raised, in which case the rotation will have to be deter- 
mined by the length of time the timber will remain reasonably sound 
rather than by the culmination of increment—that is, gross incre- 
ment—without any cull factor to allow for decay as is shown in this 
table. As the sites grow poorer the culmination of increment ad- 
vances to higher age classes and the pathological rotation drops, so 
that on sites 3 and 4 the soundness of the timber will be the prime 
consideration in determining the rotation. 

The yield of conifers associated with aspen can not be closely 
gauged for reasons already mentioned. Several stands of aspen 
and conifers growing under the same conditions side by side have 
been studied, with the results shown in Table 19. 


TABLE 19.—Comparison of yields of conifers and aspen 


Mean annual Volume, average 
Age of stand Present volume Teenie ee 

Site quality US EN Te ek SS ie ee 

Aspen Conifer Aspen Conifer | Aspen | Conifer | Aspen Conifer 

Cubic feet | Cubic feet | Cubic feet | Cubic feet | Cubic feet | Cubic feet 
1h et ee ee tee eee 68 years___| 105 years _- 4, 000 3, 757 58. 8 35. 8 12.3 15.2 
eee et Ae Be! © 40 years___| Uneven-___ 1, 020 1,719 PA PAN- 3 1.8 127 
"eine, Eton, UB i ee 60 years -__}____ Gor 1, 100 1, 028 18.3 15.1 1. 42 8.5 
5 ee SOIL oe 44 and 88 |___-do______ 660 1, 642 15.1 13.9 . 59 8.7 

years. 

eee es ere 43 VERS eens fo (oe 5 270 1, 482 6.3 9. 03 - 45 9. 4 


Table 19 indicates that the mean annual increment of aspen and 
conifers is approximately the same when middle-aged aspen stands 
and all-aged conifers stands are compared, that is, the actual amount 
of wood produced is about the same for both species, although 
conifers have a small advantage on poor sites. The two respond in 
a very different way, however, as the growth conditions become 
poorer. Aspen trees become much reduced in individual develop- 
ment as the number of trees per acre increases, approaching as a 
limit the familiar aspen thicket type. (Pl. VIII.) The individual 
development of conifers is reduced much more slowly, but decrease 
in the number per acre leads to open park-like stands at the limits 
of the coniferous type. As far as the production of merchantable 
saw timber is concerned, the conifers naturally have an immense 


advantage. 
THINNING 


The extreme density of many young aspen stands suggests at 
once the possibility of getting a much better production of larger- 
sized wood by judicious thinnings. As a matter of fact, the pos- 
sibility of getting stimulated growth by thinning does not seem to 
be very encouraging, although no stands exist which have been 
properly thinned from their youth to maturity. The chief practical 
difficulty lies in the small size of the material which must be re- 
moved, as it is very apparent that thinnings must be started early in 
the hfe of an aspen stand. A series of plots in aspen averaging 
from 3 inches to 7 inches in diameter (40 to 70-year-old stands) 
has been thinned, and the results five years later have been observed. 
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The results, reduced for the sake of simplicity to a common basis 


of 100 as the volume of the original stand on each plot, are shown 
in Table 20. 


TABLE 20. (Percentage of original volume.) 
Original 
average Dieq | Remain-| Total oe 
Grade thinning diameter Cut Left 5 years ing after yield ivana 4 

pee 5 years green ing dead 

Inches | Per cent | Per cent | Per cent | Per cent | Per cent | Per cent 

) Se Se eee oe oe Cee Dee 3. 01 12 88 0 106 118 118 

ING TTG rae Bet ec MOP ee earner gee ita 3. 24 0 100 3 117 117 120 

(AAT pt BIN. “Ee Oat. 3. 06 10 90 1 103 113 114 

GSE ae 2 ~ hee 3. 80 0 100 8 103 103 111 

JX RE SERS ls Spee ee J) eee 4. 52 12 88 2 92 104 106 

INGORE Sl PE St RS Le Me 5. 10 0 100 6 102 102 108 

1 BS a= CNS ee ene iene oh early Spemabany sas 3. 07 21 79 1 89 110 111 

INO G22] 2225-2 Se ee eS 2.91 0 100 15 97 97 112 

5h ete a eae Set A = nel Been ee 4. 23 19 81 0 91 110 110 

INONG 2S 2 ce 5S SR 5 5.10 0 100 6 102 102 108 

wees cermin £4. sorte Sale 21 79 1 86 107 108 

IN(O)IVS Oe, - eS TES 5. 90 0 100 5 105 105 110 

Oe EI NE ee ot 4. 50 24 76 2 79 103 105 

BNO Chee ties een ee ae 5. 10 0 100 6 102 102 108 

Se ee en ere ee oe 3. 73 23 77 2 96 119 121 

INGOT EE Se a eae 3. 43 0 100 14 99 99 113 
Average: 

AD eWiats (e(G Renee at ote Bina |e reser 17 1 93 110 lil 

Gat binned: ake Meee eee 0 100 8 103 103 ill 

@iganed= 242 325 al ee ee 2. 96 13 87 6 93 106 112 

One be 42 en a eee ae I" 2. 56 0 100 7 103 103 110 

1 See Plate IX, Figure 1. - 2 See Plate LX, Figure 2. 


The net result of thinning is to get the aspen in a green state 
rather than dead, which is not worth the labor expended in thin- 
nings; for material this size is no more valuable green than dead, 
being ‘generally unmerchantable in either case. Only four plots out 
of the nine show a larger total yield on the thinned plot. No analysis 
of conditions of site, age, or degree of cutting explains the matter, 
which seems to be mere chance. The figures show very plainly the 
slowness of net growth in aspen at ages s of 40 to 80 years. Compe- 
tition is very strong at that time, and in two cases an actual reduc- 
tion in volume in the 5-year period is shown on account of heavy 
mortality in the suppressed class. On the average, an increase of 
only 3.3 per cent is shown in five years, or an annual increment of 
0.6 per cent, while the yield table indicates an increment percentage 
of about 1.5 at this age. The discrepancy is largely due to the 
fact that the yield table takes into account only the stand more ny 
4 inches in diameter breast high, which is increasing rapidly a 
about that age on account of large accessions from below the 4-inch 
class. 

The reason why thinnings fail to show stimulated growth is that 
the stimulation is in the smaller-sized trees the volume of which is 
small, while the largest trees show little or no acceleration, or even 
reduced increment, after thinning. 

Aspen does not recover readily from suppression, as is shown by 
the loss by death in nearly all thinning plots during the 5-year 
period after treatment. In every case death was clearly the result 
of suppression before thinning, which reduced the vitality so 
gay that even with much increased light after thinning death 
ensued, 
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PROPERTIES OF THE WOOD 


The wood of aspen is straight-grained, of a smooth texture, white 
in color, and light when dry. The pith rays and annual rings are 
inconspicuous, and the pores are small and diffused evenly through- 
out the annual growth ring. The green wood contains a very large 
percentage of water, the weight of the green wood being about 
double that of the kiln-dry. It is therefore particularly desirable 
to cut this timber and allow it to dry a considerable time before haul- 
ing. Aspen cut in the winter or spring and peeled is in good condi- 
tion to haul in the fall; if not peeled it will not be very dry until 
the following fall. Many sticks of unbarked aspen in piles sprout 
and bear leaves during the entire growing season after cutting. 
on aspen will float, its weight being about 46 pounds per cubic 

oot. 

Laboratory tests (Table 21) indicate that aspen from Wisconsin 
and New Mexico) is equal or superior in its chief mechanical prop- 
erties to several of our western conifers, and has a higher value 
than alpine fir or even Englemann spruce in these respects. 


TABLE 21.—Mechanical properties of aspen and associated conifers 


Douglas | White | Alpine | Engel- 
Aspen fir fir fir 


VOIPNG = Seep vst Br oF Wi ee Vise Beeeste3 Lee ee L. 
HUrengebn as DOAN ON POSt ss 2212 Aes es oe WV IVE W222 IVE WW. = | Wie Ww. 
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SUIT OSS eatam ey areca es ce A pe Sse ee EO NIG MS=.--= Des L. 
SHEINKA CON oe ue aehnrte och eee ak a Nee. ee ce Viens dors Goteaes Suearee ae MS. 


Weight: L—light; ML—moderately light. 

Strength: W—weak; MW-—moderately weak. 

Hardness: S—soft; MS— moderately soft. 

Shock resistance: MG —moderately good; MP—moderately poor; P—Poor; VP—very poor. 
Stiffness: L—limber; MS—moderately stiff. 

Shrinkage: S—small; MS—moderately small. 


USES 


Aspen wood is especially suited to the manufacture of paper pulp, 
match sticks, and excelsior. As yet none of these industries has 
called upon the intermountain region for supplies of wood. The 
paper-pulp industry in the past called for large mills located in 
regions where they might operate for a long time. Plentiful sup- 
plies of water are also needed. Any suitable location in the 
Rocky Mountain region necessitates a longer railroad haul for much 
of the timber than has been financially attractive under past condi- 
tions. In view, however, of the growing conviction in the industry 
that domestic supplies of pulpwood must soon take the place of the 
somewhat uncertain Canadian supplies, the possibility of the profit- 
able use of aspen from this and other localities seems clearer. In 
the match-stick business large logs of straight-grained wood are 
needed for the rotary veneer process used. These are found only 
in relatively small, widely scattered patches. Logging costs would 
be high and railroad hauls would be generally required, The amount 
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of general manufacturing in the intermountain region requiring ex- 
celsior for packing its product is very small indeed, and the excelsior 
business could never develop very far until a greater demand was 
felt. 

Aspen is used at the present time chiefly for mine props, firewood, 
and in miscellaneous ways in the round, as posts, poles, etc. It is 
occasionally sawed and is reputed to make superior bridge plank 
and stable flooring on account of its freedom from splintering. 
The early Morman pioneers made furniture from this wood to some 
extent. In general, it is not preferred to the conifers, except for 
posts, poles, and fuel. 

Prop cutting takes trees from 7 to 11 inches in diameter breast 
high, the props running from 8 to 16 feet long and 5 to 10 inches 
inside of bark at the small end. A large use of aspen for mine 
props developed in 1913 to 1916 in the Utah coal fields, but of late 
years this has declined in favor of dry or even green lodgepole pine 
from Idaho. One reason for the preference for conifer props is 
their lighter weight when green or when waterlogged in wet mines, 
which makes them more suitable for reuse than aspen props. 

Small poles from 3 to 8 inches in diameter breast high are used 
by ranchers near the mountains in a variety of ways. The larger 
sizes are frequently used for fence posts where cedar is not easily 
obtainable; for although aspen is not generally considered durable, 
it has a better reputation for durability in the soil than any of the 
conifers found in the region, except, of course, the junipers. Poles 
are also used for fences, corrals, and sheds built loosely and covered 
with straw for protecting cattle on exposed ranches. Their value 
for this purpose depends mainly on their long, straight lengths with 
little taper. 

The firewood qualities of aspen are generally conceded to be superior 
to those of the conifers, which burn too rapidly when resinous, 
or make a poor, snapping fire in the case of nonresinous firs. The 
manner of growth of aspen makes it easy to handle as firewood. In 
some places remote from railroads aspen fuel is of notable value. 

The future use of the aspen of the Rocky Mountain region is dif- 
ficult to forecast. It is likely, however, that the wood will be used 
for special purposes to which it is peculiarly suited, as paper pulp or 
match wood, rather than for general purposes. There may always be 
certain consumption for various local uses, such as mine props and 
ties, posts, poles, and fuel, as at present. In the future, the Rocky 
Mountain aspen may be used for making excelsior and box shooks for 
fruit and canned goods. 


LUMBERING AND LOGGING 


Aspen logging is generally a simple process, carried on mainly by 
ranchers in slack season; but in case large sales should develop special 
logging crews would, of course, have to be used. The months of May 
and June and the early part of July are the most favorable for cutting, 
because at that time the bark can be peeled with ease. At other seasons 
it is the usual practice simply to ross the logs in narrow strips on 
four sides to facilitate drying. Hauling is most conveniently done in 
the fall or winter, after the peeled logs have dried during the sum- 
mer. ‘The reduction in weight is then very marked; for, although 


Ct ae, ro 


a] 
of 
ae 


ASPEN IN THE CENTRAL ROCKY MOUNTAIN REGION 35 


one of the lightest. of woods when dry, green aspen is as heavy as dry 
oak or hickory. 
The costs of logging run approximately as follows, on a linear foot 
basis (mine props): 
Cost of logging per thousand linear feet: 


LURLIL 1G. bas) ee Ee: Pees oP ae op Eee BERS Boo pape) eet ge on eee et ee $5. 00 
Cnt wand. peelwne: x22. of} ney oa AE ee ed soe 3. 33 
SSL SIEGE (02s ee Seen RS ReaD eee, Ae rote a ane gaa 1. 67 
Hanline. © 57 = en A eS es en eg 10. 00 
Loge ON" Cars oe eS ae ee Saar eS 1. 50 

MSP ANRCO SY tee ee eS erate Se 21. 50 
Sia TGC 6 TCG See ene ee ei See eee ae > Te Oe 27. 50 


On a cord basis, including mostly trees too large for props, the 
cost is: 


SEAR ee: Sak EER eee he oat ee ee $0. 75 
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ETeppir oy seinen ci 2 2s 8 oe eo 3. 00 
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These figures apply to stands of aspen readily accessible from roads, 
not more than 12 miles from a railroad point. Merchantable stands 
are generally located in places easily logged, with little underbrush 
and easy slopes. 3 


MANAGEMENT OF ASPEN, SILVICULTURAL SYSTEMS 


The characteristics of aspen point unmistakably to a clear-cutting 
system. Thrifty stands are positively dependent upon clear cutting. 
(Pl. X, fig. 1.) Thinnings in merchantable stands are not to be con- 
sidered advisable as improvements to the stand, but they may be 
encouraged as a matter of economy, since they mean the utilization 
of the inferior material before it dies of suppression. Scattered 
cuttings have the effect of a selection system, and the removal of this 
selected materia! may well be detrimental to the remaining stand, 
since we have seen that reproduction that comes under partial shade 
is weak, develops slowly, and is likely to be crooked and knotty and 
to decay early. (PI. X, fig. 2.) For these reasons sales that will 
afford the utilization of the widest number of diameter classes are to 
be preferred, and sales of different classes ought to be concentrated 
in the same areas. 

Brush disposal is not a serious question in aspen stands, for it has 
little bearing on reproduction and the fire hazard is practically 
negligible. With moderate lopping the brush disappears in about 
four years. Special methods of brush disposal, calculated to inter- 
fere with the free grazing of cut-over areas by sheep, have been 
advocated for the safeguarding of reproduction. Their worth is not 
proved, however; and for the present, where regeneration is desired, 
administrative restriction of sheep grazing and of cattle grazing to 
some extent is the better method on clean-cut areas or in places where 
very old stands are going to pieces naturally. 

The rotations upon which aspen is to be managed will depend upon 
the site. the class of material desired, and the period during which 
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aspen remains sound, which is itself largely controlled by site. Even 4 
on the best sites rotations of more than 80 years will be infrequent, — 
particularly as the mean annual increment on these sites culminates 


at about this age, if the tree is used to a small diameter limit. Some- 
times, however, it may be advisable to let the trees grow to 110 years. 
On poorer sites decay is the limiting factor, and trees should seldom 
be grown longer than 70 years. On sites 3, 4, and 5 there will usually 
be no merchantable yield, except for some special products employing 
exceptionally small diameters. 


RELATIVE VALUES OF ASPEN AND CONIFERS IN MANAGEMENT 


Aspen must be utilized to a low diameter to get the most out of it. 
Even on the best sites it will not run as high as conifers in saw- 
log material, although it requires rather less time to attain that size, 
and on second-quality sites the saw-log material is of very little im- 
portance. Utilization in the form of cordwood is, therefore, ideal 
for aspen, both for realizing the most out of the crop and as a means 
by which clean-cutting may be practiced. 

Aspen stumpage values are lower than the stumpage values of the 
associated conifers, so that to bring in equal annual income the aspen 
must outstrip conifers in yield, or have secondary income to compen- 
sate for the lower value of its wood. Aspen saw timber stumpage 
brought about $1.50 per thousand feet board measure in 1922, as 
against $2.50 for Engelmann spruce and Douglas fir, and $1.50 for 
white fir and alpine fir. The mixed-conifer type has a stumpage 
value of about $2 per thousand on the average. Aspen sold for 


cordwood brings about 75 cents per cord stumpage, and for mine © 


props, 0.5 cent per linear foot. 

The general relations between the annual incomes from aspen and 
conifers can not, in the very nature of things, be worked out in detail 
on a money basis. Markets will always vary, and local conditions 
have a great bearing upon both yields and values. There are also 
secondary values of some degree or other possessed by every acre 
occupied by aspen or conifers, the chief of which is grazing. This 
runs about 14 cents per forage acre per annum for cattle and 11 
cents for sheep, or an average of 121% cents at present grazing rates 
(1923). There is more forage under aspen than under conifers on 
account of the lighter shade in stands. 

Figuring the grazing return in terms of the site area, a careful 
approximation shows that aspen stands average 0.62 of a forage acre 
to the surface acre, yielding about 7.7 cents a surface acre. The 
average for conifers is 0.47 forage acre to the surface acre, yielding 


5.9 cents. The return on conifer sites varies inversely with the den- — 


sity of stand, from 7 cents from 0.56 of a forage acre on areas yield- 


ing 1,000 feet per acre to 1.9 cents from 0.15 of a forage acre on areas — 


of 9,000 feet per acre. 


The aspen yield of 7.7 cents per acre per year must, however, be 


reduced slightly to allow for protection during the period of regen- 
eration, an average of 5 years in every 80, or 6 per cent, leaving 7.2 
cents per acre as the corrected value for grazing under aspen. 

A fully stocked acre of conifers should run at least 12,000 feet per 
acre at maturity on site 1 in the aspen belt. Under the selection sys- 
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tem probably 3,000 feet would be left after cutting, so that the aver- 
age stand during the cutting cycle would be 7,500 feet. The grazing 
income under such conditions would be 2.7 cents per acre. As sites 
become poorer conifer stands become more open in the aspen region, 
so that forage values tend to rise as site quality deteriorates. Figured 
as above, the values of forage would amount roughly to 3 cents an 
acre on site 2, 3.3 cents on site 3, 3.8 cents on site 4, and 4.5 cents 
on site 5. 

Another secondary and indirect value which differs in aspen and 
conifer stands is watershed protection. Conifers probably protect 
the soil against excessive erosion better than aspen, and they retard 
snow melting. The practical value hes mostly in the latter, however, 
for under proper forest management destructive erosion should never 
be found in either type. In the Douglas fir type the snow water is 
of little importance for direct irrigation, although it has great value 
for fillmg reservoirs. In the spruce-fir type the water stores are 
the largest, and as the snows melt last. there they are the mainstay 
of irrigation. An even, prolonged flow is promoted by a conifer 
cover, which is distinctly more desirable than aspen. Owing to the 
lack of quantitative data regarding watershed protection and sus- 
tained run-off no monetary value can be assigned to this factor. 

The cost of management is probably somewhat less in aspen stands 
than in conifers on account of the clean-cutting method, which makes 
the marketing of individual trees unnecessary and lightens timber- 
sale supervision. The differences will be inconsiderable, especially 
when distributed over an entire rotation. 

Considering all the variations in primary and secondary monetary 
yields of the aspen and coniferous types, it is impossible to get more 
than a rough idea of how the types compare under different degrees 
of utilization. A rough comparison such as that shown in Table 22 
may be made. It will be indicative of general conditions. 


TABLE 22.—Gross annual income (cents per acre) from aspen and conifers com- 
pared under different forms of management 


Site 
Utilization | 
1 2 3 | . 5 

A. Forage: 
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E. Total aspen yields: 
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1 Aspen $1.50 per thousand; mixed conifers $2 per thousand stumpage. _ ( “5 
2 Values in Table 19 reduced 7 cubic feet per acre to approximate cubic feet on a 5-inch limit (pulp- 
wood). Stumpage $0.75 per cord for both aspen and conifers. 
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Yield of aspen and conifers on saw-timber basis —The volume of 


conifers in board feet is usually about four times their volume in — 


cubic feet, including the whole stem. This rough converting factor 
has been employed in estimating section B in Table 22, and the re- 
sultant figures here and in sections K and F make it clearly evident 
that, for saw timber, aspen can not compete with conifers, even when 
its large secondary grazing value is added and the greater value of 
conifers for watershed protection is disregarded. 

Yields of aspen and conifers on cordwood basis —If in the future 
the paper industry should develop in this region to such an extent 
that both aspen.and the associated conifers would be in demand for 
pulping, aspen would probably have a little advantage over the 
conifers in production of solid volume of wood, except on the poorest 
sites. Still, under management, conifers ought to grow more densely 
than they now do, giving better annual increment, while aspen ap- 
parently can not be very much improved in this regard by manage- 
ment. ‘The monetary income from aspen, if it has a stumpage value 
equal to conifers for pulp, would shghtly exceed the income from 
conifers, while the secondary income from grazing would increase 
this difference. This is shown in sections C, KE, and F of Table 22. 

Aspen managed for cordwood and conifers for saw timber.—Com- 
parison of sections B and C of the same table will show roughly the 
relation between these two forms of utilization. On the better sites 
the gross income including that for grazing, is virtually equal, but 
on poorer sites the conifers have a greater value. Excluding forage 
value, conifers are superior on al] sites. 

Yield of aspen and conifers for mine props.—F¥inancial aspects 
of this form of management can not be gone into even in a rough 
way, on account of the entire lack of data on the yield of conifers 
under this form of management. The indications are that conifers 
would outstrip aspen in gross income from this form of production; 
for although it takes longer for the individual conifer to reach prop 
size than it does aspen, conifer props are more valuable, and the 
conifers are much more adaptable than aspen to a system of cutting 
that removes only a portion of the stand (trees 7 to 10 inches in diam- 
eter breast high). The smaller, partly suppressed aspen, under these 
circumstances, grows crooked and responds poorly after the cutting; 
whereas the more tolerant conifers maintain a straight trunk and re- 
spond quickly to partial cuttings. 

Yield of conifer saw timber and aspen mine props.—lt is possi- 
ble to estimate roughly the gross income from these two forms of 
utilization. Section D of Table 22 shows the results from the man- 
agement of aspen on a mine-prop basis. The mean annual increment 
at 80 to 90 years in terms of mine props is 134 linear feet per acre 
per annum on site 1, 105 linear feet on site 2, 88 linear feet on site 
3, and 50 linear feet on site 4. In terms of money value, at a stump- 
age of 0.5 cent per linear foot, results are obtained as shown in 
Table 22. 


‘ 


It is apparent that aspen would be capable of bringing in far more 


income from mine props than any other form of utilization, were 
it to command a certain market, and also that this income would 
considerably exceed the best that conifers can show. ‘This is not 
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due to better production of this class of material by aspen, but de- — 
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pends on the higher stumpage rate obtained. Since the mine-prop 
market is limited and conifer props are preferred. it is not often 
possible to sell aspen to the mines. 

A conifer log scaling 100 board feet and worth $0.20 at $2 stump- 
age contains about 17 cubic feet and is worth $0.0118 per cubic foot. 
An aspen prop 16 feet long is worth $0.08 at 0.5-cent per linear foot 
stumpage, and contains 4.3 cubic feet and is worth $0.0186 per cubic 
foot. The aspen is not only worth almost double the conifer, but in 
utilization for props very much less of the tree is wasted. 

In general, the income from aspen is lower than from conifers on 
the same site. Aspen is a wood distinctly valuable for only a few 
purposes, and the entrance into this region of industries using aspen 
is problematical. Conifers, on the other hand, always have a broad 
general usefulness, and a permanent demand independent of special 
markets. There can be no point, therefore, in trying to maintain an 
aspen mahagement type. 


TRANSFORMATION OF ASPEN TYPE 


The natural transformation of the aspen type over into a conif- 
erous type is a very slow process. The rate of invasion of the 
conifers can very clearly be noted in places where single old trees 
stand in areas of pure aspen. In protected flats the seed spreads 
fairly uniformly from the parent trees to a distance of about 150 
feet in all directions. On exposed ridges it will spread as far as 400 
feet to the leeward and very slightly in other directions. In a 
45-year-old aspen stand, where this rate of seeding in was carefully 
studied, the conifers were still only about 8 to 12 inches tall. It 
will not be less than 80 to 100 years before these trees begin to seed 
in turn to the leeward. The average progress of the conifer 
stand is therefore somewhat about 8 feet per year; but this is occa- 
sionally accelerated by seed that has by some chance been carried 
much farther than usual, and is forming a new point from which 
seedlings spread in turn. On the assumption that conifers found 
in the aspen zone will bear seed at 80 years, most areas ought to be 
well seeded im with reproduction in three tree generations or about 
250 years in the Douglas ‘fir-white fir zone, and 150 years in the 
Engelmann spruce-alpine fir zone. Certain areas in the lower zones 
may require more than 250 years to be transformed on account of 
their great extent and purity. On aspen areas at high elevations 
(site quality 5), the replacement by a conifer stand will practically 
never take place, conifers scattered among the aspen being the most 
that can be expected. 

Transformation can be hastened artificially but at a rather high 
cost. Artificial regeneration has a certain advantage in that the 
more valuable species, Engelmann spruce and Douglas fir, can be 
given the advantage in each zone, while in natural invasions alpine 
fir and white fir are much more numerous. The cost of planting 
amounts to about $25 per acre, which if it is to be recovered in one 
rotation amounts to an annual charge of 12 cents on a 200-year 
rotation, no interest charges included. It is evident that a decided 
advantage of conifers over aspen must be demonstrated before any 
general plan for planting up aspen areas to conifers is embarked 
upon, and there must be a reasonable assurance that the advantage 
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will last through at least one rotation. Planting of small areas of 
conifers in large aspen areas could be done at smaller expense and 
would serve to speed up greatly the replacement of aspen where 
natural stands of conifers are at great distances. The replacement 
which might naturally require 250 years could be reduced to about 
80 by the establishment of three to four seed trees per acre at a 
cost of perhaps $2 per acre. This cost would be chargeable to the 
first merchantable crop, consisting not of the trees planted but of 
their offspring, which would presumably mature some 250 to 300 
years after the planting. The annual charge would be only 0.6 
cent per acre on this basis, but it presupposes, as before, the certain 
knowledge of the inferiority of aspen to conifers for all general 
and special purposes far into the future. Under present circum- 
stances even this activity in artificial transformation would seem 
unwarranted, particularly in view of many unsuccessful plantings 
of Douglas fir, western yellow pine, and Engelmann spruce under 
aspen. 

Tt must not be inferred that aspen is a hindrance to artificial re- 
forestation, for the success of tolerant conifers is greatly increased 
by aspen cover. Results in the vicinity of the Great Basin Experi- 
ment Station in central Utah show this clearly (20)- 

On an area of aspen (site quality 2) at about 9,000 feet elevation, 
Engelmann spruce was planted under a virgin stand and also on 
areas where one-quarter, one-half, three-quarters, and all the timber 
had been removed. Five years after establishment: 

61 per cent were alive under virgin stand. 

29 per cent were alive where one-fourth of the stand was cut. 
18 per cent were alive where one-half of the stand was cut. 
11 per cent were alive where three-fourths of stand was cut. 
1 per cent were alive where all timber was cut. 

A similar series of plots under aspen at 7,800 feet elevation (site 
quality 4) in which Douglas fir was used, gave, after three years, the 
following results: 

32 per cent were alive under virgin stand. 

31 per cent were alive where one-fourth of stand was cut. 
52 per cent were alive where one-half of stand was cut. 

27 per cent were alive where three-fourths of stand was cut. 
§ per cent were alive where all of stand was cut. 

Experimental plantings indicate that Englemann spruce can be 
introduced with a fair degree of success in aspen stands within the 
spruce-fir type, except on south slopes. In general, growth on such 
plantations is less vigorous than in the open at high elevations. 
Douglas fir and western yellow pine can be planted witn success, in 
years of favorable rainfall at least, in the lowest of the aspen, al- 
though the stands must usually be thinned within a few years to get 
the most rapid and vigorous growth, particularly in the case of west- 
ern yellow pine. 


APPLIED MANAGEMENT IN THE FIELP 


The perpetuation of aspen stands is always advisable, for the 
forest cover has a great indirect value as a protection t@ watersheds 
and as a nurse tree to conifers, aside from any commercial value. 
Therefore, grazing should not be allowed to wipe out aspen under 
any circumstances, for aspen can not reclaim the lost areas again. 
Old éven-aged stands without an understory of sprouts and cut-over 
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areas must be watched with care to see that grazing does not prevent 
a new stand from coming in. 

Concentrate cuttings on certain greas and make the cuttings as 
heavy as possible to bring about vigorous sprouting and a rapid 
growth of new trees. 

Protect all young conifers in aspen from injury during logging. 
Do not allow isolated merchantable conifers in an aspen stand to be 
cut. The transformation of aspen type to conifers is desirable. 

Utilize aspen for small material (poles, posts, cordwood, etc.), as 
it yields best on that basis, and cutting while young and small has 
no effect on reproduction as does the cutting of conifers before seed- 
ing age is reached. By using aspen when small, the losses from de- 
cay are also avoided. 


APPENDIX 
VOLUME TABLES 


The three volume tables most frequently used are given hereafter: 
(1) Total volume of tree in cubic feet, used mostly in technical work 
dealing with growth and increment; (2) volume in cubic feet to a 
5-inch diameter mit in the top, used in estimating cordwood or 
pulpwood; (8) volume in board feet to a 9-inch diameter limit in 
the top, used in estimating saw timber. The diameter limit is un- 
usually large, because aspen will not often be cut primarily for saw 
timber, but more valuable products will as a rule be taken from the 
tops. Nine-inch saw log utilization presupposes the utilization of 
the tops for props or pulp, with saw logs as a by-product. 


TABLE 23.—Volume, aspen *—Total contents of tree inside of bark in cubic feet 


Total height of tree 
Diameter breast high : 
40 feet 50 feet 60 feet 70 feet 80 feet 
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(B TEIV ELEY ES cpa a pea ap OD Pa A ata ten aE 2 3. 6 4.4 O04. = Ee Sa 
eT CRON = = Hea: ala ¥ ve SNe el So! oe ee 4.8 5.8 6. 6 8.71.3. 
Sra CROS he en ee. ae ee ee ean 6.0 7.3 8.5 10. 6 is 
Om CHES nts = ote ee oe 2 ee Se ee ee 7.4 9.0 10. 6 12.7 16.2 
QT CI OS heathen ok Se ee ee ee 9.0 10.8 12.9 15.1 19.5 
PL PEERY CEE coe epee a nF leads i lt Sa ee ay ree Re BS a 10. 7 12.9 15. 3 18.0 23. 2 
INCHES es ee ee ES ee Se ee 12.5 15.1 18.0 21.0 27.5 
HS ad COS eee a Per ye” Ripe ae eh Wipe ay Pe Oe el 14. 6 17.4 21.0 24. 4 32.0 
BPE TT CHES Ste eet ae LE Se eee ee he eh Neg ee 16.8 20. 0 24.1 28. 0 37.0 
TLCS UGH ELS SR ce Tare eae NG ree ae Re AI eit Ae yee ere 2 ot 19. 2 23. 0 27.6 32. 1 42. 2 
a Gtr CHES eee ee eB ae eee oy 2187. 26. 0 S102 36. 4 47.8 
MEU PETA CHIC ise pee See ae eee ne he eB oon Tw eta 24.4 29. 0 35. 0 40. 9 53. 7 
FATA TICS eee ts can ar ed. Ar eee ye 27.3 32. 2 39. 0 46. 0 59. 8 
MOR TICH CS 35 Soe Sy 3 te Ee ee ee Se. | eee ee 35. 6 43. 2 51. 0 66. 2 
2, DAG 1G SE eit NE ee nee ar SE a MS Eg De 39. 2 47.7 56. 6 73.0 
PAN SAT Gry ee ee iat Mie BE A A TO ang eae 52.5 62. 4 78.8 

a (aor 69.5 86. 4 


DO ATICHES = 20226 hide 8). tet cane 8 VR ieee els eR ON [eebsicd fag ae 


1 Tables 22 and 23 are based on 1,573 trees, Manti and Fishlake National Forests, Utah. 


TABLE 24.—Volume, aspen—Contents of tree (inside of bark) in cubic feet to a 
5-inch top diameter limit 


| 
Total height of tree 


| 


40 feet 50 feet 60 feet 70 feet 80 feet 


———. ——<— “re | Kee —uuqre—— 


Diameter breast high 


MALTI CIOS 88a Fe OS ES kere eae 3.3 4.0 4.5 6.2 la sos 
RTC HES eee ae NS Loe SR RD Se Se 4.7 5.8 6.5 8.5 11.0 
ST GRES Hees a OE! Pie Nein tek JRE. 2 ee 6.4 (ers 9.0 10.8 14.4 
SHAS WCE El 6 (25 a I ese ee eg te EMDR ge SE Nee SR 8.1 9.7 115 13. 4 18.0 
Epc tel tts en ees eee eee, Ee ee een oe ef 9.9 11.9 14.1 16.7 22.0 
POH Ta CHGS ae oe el A eS Se ee ee ee eee ke 11.8 14. 2 17.0 19.8 26. 4 
PeyarTL CHGS eae e ees rials uk re ee ee 14.0 16. 6 20. 1 23. 4 me 
LAN TIChES See Peed Tiere pt ew ae Ra ee ae Boal 16.3 19.3 23. 3 27.1 36. 2 
A AGICHIOS Meee Oh a sev ge rhc k: | Se ren ee Ce 18.7 22. 4 26. 9 a ls 41.6 
PpInenes> -riss. eor e Te ie i Pea eee 21.3 25. 5 29. 5 35. 7 47. 2 
NU MMCHER Sa oak as | Rei are BE ye ee ae 24. 0 28. 5 34. 4 40.3 53. 2 
BE PTICMER fe. 2 88 Se ee ee eee ne 26. 9 31.7 38. 4 45. 4 59. 4 
POSTON ORS es 8 ete re ay rath a ak SO pees ee 35. 2 42.7 50. 5 65. 8 
20 TESTU > IRE Ne EG eS DE Yate Ft IN SD PRE or rate 38. 8 47.3 56. 1 72.6 
PERCHES 2. 2 a5 te tk. Le _ a Sa ee eee ee §2.1° 62.0 78.8 
DAATIGHOS. e308 5528 ge we to PR ae Aa eS ee 57.1 69.1 86. 0 
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TABLE 25.—Volume, aspen *—Board measure to 9-inch top limit (in tens of board 
feet). Scribner rule) 


Total height of tree 


Diameter breast high 
40 feet 50 feet 60 feet 70 feet 80 feet 


AMGEN GMCS? oem ene be eye Ret So see eS ee 2 2 4 5 
POUT CHOSE eit on oe ee ee AL Th See 3 f 5 6 8 
TIAA sae) T OS) gs od eee ene a Sy aera pean Oe "igs Alege eae Pe 4 5 6 9 12 
ANT TACTICS ee eee nag ee ee Sn gl tie kal ee Be AS 5 ri 8 11 1s 
NEVITICHCS ewe eee ce ee ee Be a ee eae 7 9 11 14 18 
MEMIN CheSeeeome er eee ne hey ee Se a 8 11 13 16 22 
MAIC CSP ee ee pe es ie ee eee aes 10 13 15 18 26 
NB CHOSE em Une em a ay ee te te ES 11 15 18 21 29 
TED Opa Ved 6 VS Spe kay at Si ene A gee, Se irae mgea fade) cde Se, 17 20 24 34 
ITI CHES Eee ye oe emcee pt ee aaa LN a eae et SN re 19 22 27 38 
PABITIC TIO Meer ee rene ee a ae ee ee ee, eS oe ee re 24 31 42 
SANTA) OS) SES se ne el Bee = en ye ay ar pe Pa pee gT eee el | eee ya 26 35 47 


1 Based on 675 trees, Manti and Fishlake Natural Forests, Utah. 


The foregoing tables are basic and the ones most frequently used. 
Aspen is cut for many special uses and special tables reading in 
linear feet, cubic feet, or board feet may be needed in many in- 
stances. These may be prepared as needed from the taper tables 
which follow. Useful special tables based on site may be prepared 
by combining these tables with the height-diameter table (Table 2) 
in the text. 


TABLE 26.—Stem taper of aspen as shown by diameter inside of bark, central 
Utah 


TREES 40 FEET IN HEIGHT 


Height from ground 


Diameter breast high 
Stump 10 feet 20 feet 30 feet 


f Inches Inches Inches Inches 
ALTICHIGS 245 pete ee itt ee eo se EE OS bE es ke 4.3 ual 2.8 Te 
TEU CNOS eee temo ae en FS oe de A oy ae 4.3 3.4 at, 
GUN CHES eerie ee et ONE ts a ee fe Pg ey de 6.1 yal 3.9 2. 4 
LTA ES pee a itera penne eg Sl eR hi ee = Teal 5.9 4.5 2E8 
BrTICHOG pene rime seen ese Oey URN RR RE a Bigg 2 8.0 6. 6 Onl 382 
9inches 5 Fxg al ee tes SAA cat ieee Ra be ed eg eee 8.9 7.4 Bad, 3.6 
TP UILDES 1 os Se) pale Se ee eiey epee Be ean ae 9.8 8.2 6.3 3.9 
BREST LG Sea emit ena Mee ae ns De So amen Neg ere ea peng a 4 10.7 8.9 6.8 4.3 
IPA taV Ove age So ee et Bo va Seago ee ein a een oe 11.6 9.7 7.4 Ay 
LRH CHES Sauer Mae te NR RT ey iE RL! Bh 12.5 10. 4 8.0 5.0 
A ANSET TCS epee icine eg re Ses 13. 4 11.2 8.6 5. 4 
LTC CSmes pentane Se ere ret Ne 14, 3 12.0 9.1 5.8 
NG CHES een enn. 8 meena ee arm Wee ane TD ee 1582, IDA NET / 6. 2 
TC TEA ew 16.1 13. 5 10.3 6.5 
LSC HCG men eet SE ree mn ee De ee 76a 14.3 10.9 6.9 
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TABLE 26.—Stem taper of aspen as shown by diameter inside of bark, etc—Con. — 


TREES 50 FEET IN HEIGHT 


Height from ground 


Diameter breast high 
Stump 10 feet 20 feet 30 feet 40 feet 


Inches Inches Inchés Inches Inches 


TN CHES 4F ae ee fi wk ee Bes oe ean eg eee abe 4.3 3. 6 S51 259 1.6 
Sheatel ets 8 2 ae SS eee ee eee ee 5.2 4.4 eae PEM 1.9 
Gmriches asa 2h 4k ee SU hae ss as 6.1 5.2 4.4 a2 2 
MELT NCS =e OH Soot te Be Ss te ye eed ed 7.0 5. 9 5.0 3.7 205 
SS TT CH OSB Seka ci es Be la ee kh ee rae mw ie aciae pet! 7.9 6.7 ieee 4.2 2.8 
SIRE) ONAN A es PRRER PORT Te 2 Ba hay SE eS 8.7 CGE 6.3 4.8 Be 
OVETI COS 22 pes a a ee i Se ee 9.6 8.3 7.0 5.2 3.4 
hE CHES Se a Be 5 Se SU ee ge SNS ky eee 10. 5 9.1 7.6 5.8 Sar 
EZ TETT GHGS See ths eS oe tae aE a Nae ee 11.3 9.8 8.2 6.3 4.0 
PSETIGN ESS ee oe ke ER a ee ee ged 12.2 10. 6 8.9 6.7 4.3 
ACN CS Bite aes he csr ee Red See ease 13. 0 11.4 9.5 toe 4.6 
IMC ES ee a se eT ng ee ih aie ene 14.0 12,2 10.1 (xh 4.9 
NGPNCH ES oe a as ee ee Oe ee re ee = 14.9 13. 0 10.8 8.2 5.2 
MIZAL TAIN GS Perec De et esl een hed ee ene ee es Gers 130 11.4 Bez 5.5 
ESITICIICS aes eS we ye ert  aIe a a ae) te 16. 6 14.5 ivan 9.2 5.8 
MOR CHESE 2 FP eer Re eek MN es en eee eee 2) Ee 17.5 15.3 12.7 9.8 6.1 
PONT CHES fesse sae Ne re en eee = 18.3 16.0 13.3 10. 2 6. 4 
TREES 60 FEET IN HEIGHT 
Height from ground 
Diameter breast high 
Stump | 10 feet 20 feet 30 feet 40 feet 50 feet 
Inches Inches Inches Inches Inches Inches 
ARI TIC TOS ete ae ter ta Sr ee a a 4.4 3. 6 3.0 255 1.8 12 
BSITICH GS mney ete eo ate eae. de eee 52 4.4 3.8 ane 2.4 1.5 
GANCHES oe ea a i ee en 6.0 5p? 4.4 a 2.8 1.8 
PG SS Rae SI NS a aE eS es or 6.8 6.0 5.2 4.3 355 24 
PUTT aVE 4 CST ae ae ke ee dent 6.8 5.9 4.9 3.8 2.4 
Or NCHES ae hee ta eee AN TE ia 8.6 7.6 6.6 5g 4.2 2.7 
POMMCH ES ee See ee Se ret ee as eee 9.4 8.4 1.0 6.0 4.7 3.0 
ALGAE OS See eters an te en ee ne 10. 4 93 8.0 6.8 bud 3¥: 
TQGMCHOS Ss eee see ee oe gear es 10.0 8.7 iS 5.6 3.6 
A SMMNCHOS Se ae ed eee ee ae a IPRA 10.8 9.4 7.8 6.0 3.9 
TESTA) 0 CS a eee part eager a 13.0 11.6 10.1 8.5 6. 6 4.2 
TTA (LTC et ie ene Aa yates ee pena ee aa 13.9 12.4 10. 7 9.1 7.0 4.5 
GE TICI CS tetas ie iets Se Ree eae 14.7 13. 2 11,4 9.6 7.4 4.8 
Regt CLIGS ae eee cs Ie te ee oS a 15.5 14.0 12.2 10. 2 8.0 5.1 
ESNNCHES sete oe en eae 1 Thee 16.5 14.8 12.8 10.8 8.4 5.4 
toimches serene eee. So eR Lee 17.4 15. 6 BET) 11.4 9.0 5.7 
PASI TICHIOS Sere ee SO es oe ke eee 18. 2 16.5 14,4 12.0 9.4 6.0 
DitimChes ose = oe ot eee 19.0 ileal Wea 12.6 9.8 6.3 
DRTC LIES Se ee eee ates ee eee eae 20. 0 18.0 15.8 13.2 10.3 6.6 
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TaBLe 26.—Stem taper of aspen as shown by diameter inside of bark, ete.—Con. 
TREES 70 FEET IN HEIGHT 


Height from the ground 


Diameter breast high 
Stump 10 feet 20 feet 30 feet 40 feet 50 feet 60 feet 


t | | eee  —— | sa | 


Inches Inches Inches Inches Inches Inches Inches 
MINCHOS=-oawnaneneduaaecasoscsc= 4.2 3.8 3. 4 3.0 23 1.8 a 
PRIN C RCS wees te ee 5.1 4.6 4,2 3.6 2.9 PAB 1.4 
GINCHOSS2= Meee erases s anon ees 6.0 BaD 5.0 4.2 3. 4 27 ea 
PINCHDSe— ee eens a. nl 6.9 6. 4 5.6 4.9 4.0 3.2 2.0 
RATICHOS 1 5 es he pete Re A EL Gad tal 6.4 iyi 4.6 3. 6 eS 
INCHES Ste nae Ae 8.5 7.9 TheDe 6.2 bul 4.0 2.6 
TO wnCHeS ete ee acl Le te 9.3 8.6 7.8 6.8 5.6 4.5 2.9 
AeyACHGsee ass See PETE a __ fs! 10. 2 9.4 8.5 7.4 6. 2 4.9 3.2 
MEZETI CHES ee ere ee eS bal 10. 1 9.1 8.0 6.7 5.3 Soft 
PENG MOS Het tee ee eae 11.9 10.9 9.8 8.6 deo 5.8 3.8 
[ASO NGOS os ie OS een 12.7 ley; 10. 6 9.2 7.9 6. 2 4.0 
PSU CHOSASe See oe es 13.6 12.4 11.2 9.8 8.4 6. 6 4.3 
GPG ES He eee ee ke 14.4 13.2 11.9 10. 4 8.9 Val 4.6 
UGANTGHOG seme re eet 15.3 14.0 12.6 ibd) 9.5 Lita, 4.9 
RTC ROS et ee ee 16. 2 14.9 13. 4 11.8 10. 0 7.9 5, 2 
1OinGhes eee te ee eee 15.7 14, 2 12.5 10. 6 8.4 5.6 
IM CHES eee ee eee eS 18.0 16. 6 14,9 1apal Li. 2 8.8 5.8 
ALT TOG ee ee 19.0 AD 15.6 13.9 11.6 9.2 6.1 
JANG ICC bee eee ee 20.0 18.5 16.5 14.6 12. 2 9.7 6. 4 
. 
TREES 80 FEET IN HEIGHT 
Height from ground 


Diameter breast high 
Stump 10 feet 20 feet 30 feet 40 feet 50 feet 60 feet | 70 feet 


a SE 


E Inches Inches | Inches | Inches | Inches Inches Inches Inches 
BAN CHOSeeaee nanan 4.2 4.0 3. 6 3.4 3.0 2.6 2.2 1.6 
SMCS ae 5.0 4.8 4.4 4.0 3. 6 3. 2 2.6 2.0 
SPNCNeS Ae = ae 5.9 5.6 5.2 4.8 4.3 3.7 3.0 2.3 
BRUCHON soene en 6.8 6. 4 6.0 5. 4 4.9 4.2 3.5 2. 6 
MABCHES S22 s5. See = 7.6 (el 6.7 6. 1 5. 5 4.8 4.0 3.0 
ee ainches— = + _- 262 | 8.5 8.0 7.4 6. 8 6.1 5.3 4.4 3.3 
mesornehes —_°~ 222 -=-<- = 9.3 8.8 8.2 7.5 6.7 5.9 4.9 3. 6 
Rienenes 225 = Fe 10. 2 9.6 8.9 8.2 7.4 6.5 5. 4 4.0 
Bee ezinehes = 2-5-2 11.0 10. 3 9.6 8.9 8.0 7.0 5. 8 4.3 
m 13inches -_--22.---.-- 11.9 11.2 10. 4 9.6 8.6 7.6 6.3 4.6 
me 4inehios _o 2-2 — == 12.7 11.9 11.2 10. 2 9. 2 8.1 6. 7 4.9 
me suinchex..-_---==.-- 13. 7 12.8 11.9 11.0 9.9 8.7 7.2 5. 2 
ebinches 2 -— 2 2s - 14. 6 13. 6 12. 7 11. 6 10. 6 9.3 (earl 5. 6 
oaimehes Soe oe 15. 4 14.5 13. 5 12. 4 11.2 9.8 8.1 5.9 
eSinches = — Sit 16. 2 15. 2 14. 2 13. 0 11.7 10. 3 8.5 6.2 
HHI NCHON == oes eee 17.0 16. 0 14. 9 13. 7 12.5 10. 9 9.0 6.6 
mpENCHES = 28722022 17.8 16.8 15. 6 14.4 13. 1 11.5 9. 6 6.9 
ETHENGS. ~ S225 ee 280: 18. 7 17.6 16. 4 15.0 13.7 12. 0 10. 0 7.2 
LOO ha 19.5 18.3 17.1 15. 6 14. 2 12.5 10. 4 7.5 


r] 


The following figures and formule may also prove of value in 
preparing special volume tables from the data just given. The 
form factor of aspen is as follows: 


- Form 
Height factor 
40 0. 43 
50 . 43 
60 . 44 
70 . 46 
80 . 52 


__ The area of the base, multiplied by height, multipled by form 
_ factor gives the total volume in cubic feet. | 
) To convert solid cubic feet to stacked cubic feet, multiply by 0.7. 


aoe 


15. 


16. 
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